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PREFACE 


Environmental  hazards  are  widely  discussed  in  Canada  today.  For  certain 
classes  of  engineering  projects,  the  probability  of  an  accident  can  be  calculated 
from  past  experience  and  from  extreme  value  theory.  However,  there  are  many  kinds 
of  risks  for  which  there  are  few  statistics  (e.g.  with  respect  to  new  chemicals). 
These  are  the  hazards  that  often  receive  the  most  attention  from  the  media.  In 
this  connection,  it  is  extremely  difficult  to  rank  risks  of  a widely  differing 
nature,  although  comparisons  are  needed  in  order  to  develop  comprehensive  risk  mana- 
gement programs.  Furthermore,  there  are  the  inter-related  problems  of  perceived 
risk  and  of  acceptable  risk.  Confrontations  arise  when  groups  of  people  hold 
differing  perceptions  of  a risky  situation.  These  are  the  problems  discussed  in 
this  monograph  and  in  the  11  Case  Studies,  which  focus  on  Canadian  issues. 

The  monograph  had  its  origin  in  a series  of  study  group  meetings  held  in  the 
Institute  during  the  winter  of  1980-1981.  The  meetings  explored  a Canadian  perspec- 
tive on  environmental  risk  management.  The  project  was  supported  by  the  Canadian 
National  Committee  for  SCOPE  (NRC)  and  by  the  Federal  Department  of  National  Health 
and  Welfare  (Environmental  Health  Directorate).  Health  and  Welfare  Canada  provided 
the  part-time  services  of  Dr.  Roger  McCullough  and  gave  financial  support  to  a work- 
shop (held  in  Bolton,  Ontario,  May  1981)  and  to  the  publication  of  this  monograph. 

I am  particularly  indebted  to  three  individuals:  Roger  McCullough  (now  in 
Bangladesh)  who  was  the  Working  Group  Coordinator;  Professor  David  Fowle  of  York 
University,  who  spent  part  of  his  sabbatical  year  organizing  the  case  studies  and 
who  subsequently  edited  them;  and  Ted  Munn,  who  was  overall  series  editor,  and  who 
contributed  much  in  the  way  of  searching  questions  and  reminders  to  authors. 
Support  services  by  Joke  Retel  and  Linda  Head  are  gratefully  acknowledged;  they  had 
the  particularly  difficult  task  of  "taming"  a word  processor  newly  acquired  by  the 
Institute. 

This  monograph  is  certainly  not  the  final  word  on  environmental  risk  manage- 
ment in  Canada.  However,  it  is  the  first  comprehensive  treatment  to  appear  and  as 
such,  it  identifies  important  knowledge  gaps  that  need  to  be  filled  and  some  public 
issues  that  need  to  be  addressed  in  more  depth. 


Ian  Burton 
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CHAPTER  1 

THE  NATURE  OF  RISK  AND  RISK  MANAGEMENT 

R.S.  McCullough  and  I.  Burton 

Health  and  Welfare  Canada  Institute  for  Environmental  .Studies 
Ottawa,  Ontario  University  of  Toronto,  Toronto 


1.1  INTRODUCTION 

Risk  is  a widely  discussed  subject  in  Canada.  As  examples  there  are  public 
debates  concerning  pesticide  spraying,  nuclear  development,  the  disposal  of  toxic 
chemicals,  cigarette  smoking  and  food  additives. 

It  is  the  purpose  of  this  monograph  to  describe  risk,  to  examine  ways  that 

risks  are  being  managed  in  Canada  and  to  make  recommendations  concerning  impro- 

vements that  could  be  made  to  current  practices.  The  subject  is  illuminated  with 
11  case  studies.  Admittedly  these  studies  are  anecdotal  but,  nevertheless,  they  do 
illustrate  some  general  principles. 

In  order  to  bound  the  discussion  somewhat,  only  "environmental"  risks  will  be 
considered.  This  means  that  risks  associated  with  crime,  terrorism,  war,  bankruptcy, 
inflation  and  the  like  will  be  excluded.  Otherwise,  the  term  "environment"  is  used 
in  a general-  sense  to  include  outdoor,  indoor  and  work  environments,  as  well  as 
food,  drinking  water,  automobiles  and  cigarette  smoking. 

Risks  fall  into  two  categories:  Natural  (earthquakes,  hail,  etc.)  and  Man- 
made, however  inadvertently  the  risks  may  have  been  created.  Risks  may  also  be 

categorized  according  to  the  nature  of  the  receptor(s)  at  risk:  risks  to  people,  to 

goods  and  to  the  environment.  Furthermore,  the  risks  may  be  classified  as  Voluntary 
(e.g.  cigarette  smoking,  mountain  climbing)  and  Involuntary  (e.g.  tornadoes,  pesti- 
cide exposure).  The  possible  consequences  of  risky  situations  may  be  measured  in 
the  following  ways: 

CLASS  I:  RISKS  TO  PEOPLE 

Mortality  rates,  disease  incidence,  shortening  of  human  life,  hospital  admit- 
tance rates,  number  of  days  absent  from  work  or  school. 

CLASS  II:  RISKS  TO  GOODS 

Loss  of  money,  loss  of  property,  interrupted  public  commerce  or  service. 

CLASS  III:  RISKS  TO  THE  ENVIRONMENT 

Reduction  in  species  abundance  or  diversity,  air  pollution  damage  to  foliage. 

By  most  measures  of  human  mortality  and  morbidity,  it  appears  that  society  is 
becoming  safer  and  healthier  as  compared  with  conditions  prevailing  centuries  and 
even  only  a few  decades  ago.  The  present  concern  about  risks  must  then  seem  rather 
strange.  It  might  be  argued  that  as  a relatively  wealthy  society,  we  have  the 
luxury  and  the  time  to  be  concerned  about  small  risks  to  human  health  now  that  many 
risks  due  to  poliomyelitis,  tuberculosis,  diphtheria,  have  been  largely  eliminated. 
However,  there  must  surely  be  other  reasons  for  the  current  situation.  This  is  a 
sociological  question  that  would  be  interesting  to  explore. 


1.2  RISK-BENEFIT  TRADE-OFFS 

Typically,  the  discussions  of  risk  as  reported  in  the  media  and  as  reflected 
in  government  and  scientific  reports  tend  to  focus  on  the  negative  aspects  of  risk, 
with  the  implicit  assumption  that  any  non-zero  level  of  risk  is  unacceptable,  espe- 
cially risks  that  involve  cancer  or  radiation.  It  is  our  belief,  however,  that  we 
do  not  and  cannot  live  in  a risk-free  environment.  It  is  true  that  government  could 
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eliminate  risks  entirely  in  specific  instances,  e.g.  by  stopping  the  import  or 
manufacture  of  a potentially  hazardous  toy  or  banning  pesticide  spraying.  In  some 
of  these  cases,  however,  a perceived  benefit  may  be  lost,  and  the  government  may  be 
accused  of  over-regulation  (as  in  the  case  of  saccharin).  It  is  our  conviction, 
therefore,  that  trade-offs  should  be  made  explicit,  and  that  the  risk-benefit 
analysis  should  be  made  available  to  the  public,  as  a basis  for  risk  management  in 
Canada. 


Examination  of  the  11  case  studies  included  in  this  monograph  reveals  that 
current  Canadian  risk  management  practices  are  rather  inconsistent.  Risk  benefit 
analyses  are  rarely  carried  out,  and  when  available  are  not  necessarily  followed. 
Decisions  seem  to  depend  as  much  on  public  pressure  as  on  scientific  analysis  in  the 
view  of  many  spokesmen  for  organizations  which  generate  risks  as  well  as  benefits. 

For  example: 

It  is  time  to  appeal  for  the  public  and  political  decision- 
makers to  take  into  account  available  scientific  facts  and 
not  just  emotional  arguments.  Value  judgements  should  be 
based  on  sound  factual  foundations. 

(Robertson  1981) 

Having  accepted  the  need  for  risk-benefit  analysis  and  for  public  involvement, 
we  must,  nevertheless,  admit  that  the  process  of  risk  management  is  extraordinarily 
difficult.  Inevitably  some  people  will  perceive  a given  risk  as  "too  high"  while 
others  will  think  it  is  "low",  or  "safe  enough".  The  views  of  groups  of  people  who 
benefit  from  a risky  activity  or  product  will  inevitably  differ  from  the  views  of 
the  people  at  risk.  This  is  not  to  suggest  that  risks  must  be  accepted  indiscrimi- 
nately as  an  unavoidable  price  of  social  progress.  Although  Samuels  (1978)  uses  the 
term  "necessary"  risk,  McGinty  and  Atherley  (1977)  feel  that  the  philosophy  of 
acceptable  risk  has  become  a danger  to  the  democratic  process.  Hopefully,  this 
monograph  will  stimulate  a public  debate  on  this  important  question. 

Burton  (1982)  has  suggested  that  Canadians  should  adopt  some  criteria  to  de- 
cide whether  a risk  is  reasonable  or  unreasonable.  He  proposes  that  a risk  should 
be  considered  unreasonable  if: 

1.  those  at  risk  are  not  fully  informed  of  the  risks  and  bene- 
fits; 

2.  an  equitable  distribution  of  risks  and  benefits  (including 
compensation)  is  lacking; 

3.  a less  risky  alternative  exists  that  yields  equal  or  grea- 
ter benefit; 

4.  its  acceptance  has  been  achieved  without  a full  opportunity 
for  participation  in  the  decision  process  by  those  at  risk; 

3.  the  value  judgements  involved  in  risk-benefit  assessment 
have  been  hidden  from  view  or  not  clearly  articulated. 

A public  discussion  of  these  criteria  would  be  particularly  useful. 


1.3  COMPARATIVE  RISK  ASSESSMENT 

Siddall  (1979)  and  Cohen  (1980)  have  pointed  out  that  the  effectiveness  of 
safety  programs  (in  terms  of  saving  life)  differs  greatly  across  the  range  of 
hazards  to  which  Canadians  are  exposed.  In  the  absence  of  quantitative  information 
on  these  differences,  risk  management  decisions  are  likely  to  be  inconsistent, 
leading  to  disproportionate  efforts  to  reduce  risk  in  some  areas,  while  neglecting 
some  other  more  serious  risks.  Table  1-1  indicates  that  in  terms  of  either  cost  per 
fatality,  or  cost  per  20  years  of  life  expectancy  gained,  amounts  range  from  a few 
thousand  dollars  to  tens  and  even  hundreds  of  millions  of  dollars  (Cohen  1981). 
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Table  1-1.  Value  per  fatality  averted 
activities  (left  column)  and 
(right  column) 

(1973 

cost 

dollars)  implied  by 
per  20  years  of  added 

various  societal 
life  expectancy 

Item 

$ per  fatality 
averted 

$/20  yr  life 
expectancy 

Medical  screening  and  care 

cervical  cancer 

$25,000.00 

$13,000.00 

breast  cancer 

80,000.00 

60,000.00 

lung  cancer 

70,000.00 

70,000.00 

colorectal  cancer: 

fecal  blood  tests 

10,000.00 

10,000.00 

proctoscopy 

30,000.00 

30,000.00 

multiple  screening 

26,000.00 

20,000.00 

hypertension  control 

75,000.00 

75,000.00 

kidney  dialysis 

200,000.00 

440,000.00 

mobile  intensive  care  units 

30,000.00 

75,000.00 

Traffic  safety 

auto  safety  eguipment  - 1966-1970 

130,000.00 

65,000.00 

steering  column  improvement 

100,000.00 

50,000.00 

air  bags  (driver  only) 

320,000.00 

160,000.00 

tire  inspection 

400,000.00 

200,000.00 

rescue  helicopters 

65,000.00 

33,000.00 

passive  3-point  harness 

250,000.00 

125,000.00 

passive  torso  belt-knee  bar 

110,000.00 

55,000.00 

driver  education 

90,000.00 

45,000.00 

highway  constr.-maint . practice 

20,000.00 

10,000.00 

regulatory  and  warning  signs 

34,000.00 

17,000.00 

guardrail  improvements 

34,000.00 

17,000.00 

skid  resistance 

42,000.00 

21,000.00 

bridge  rails  and  parapets 

46,000.00 

23,000.00 

wrong  way  entry  avoidance 

50,000.00 

25,000.00 

impact  absorbing  roadside  dev. 

108,000.00 

54,000.00 

breakaway  sign,  lighting  posts 

116,000.00 

58,000.00 

median  barrier  improvement 

228,000.00 

114,000.00 

clear  roadside  recovery  area 

284,000.00 

142,000.00 

Miscellaneous  non-radiation 

food  for  overseas  relief 

5,300.00 

2,500.00 

sulfur  scrubbers  in  power  plants 

500,000.00 

1,500,000.00 

smoke  alarms  in  homes 

240,000.00 

150,000.00 

higher  pay  for  risky  jobs 

260,000.00 

150,000.00 

coal  mine  safety 

22,000,000.00 

13,000,000.00 

other  mine  safety 

34,000,000.00 

20,000,000.00 

coke  fume  standards 

4,500,000.00 

2,500,000.00 

air  force  pilot  safety 

2,000,000.00 

1,000,000.00 

civilian  aircraft  (France) 

1,2000,000.00 

600,000.00 

Radiation  related  activities 

radium  in  drinking  water 

2,500,000.00 

2,500,000.00 

medical  X-ray  eguipment 

3,600.00 

3,600.00 

ICRP  recommendations 

320,000.00 

320,000.00 

0MB  guidelines 

7,000,000.00 

7,000,000.00 

radwaste  practice-general 

10,000,000.00 

10,000,000.00 

radwaste  practice  - ^1 

100,000,000.00 

100,000,000.00 

defense  high  level  waste 

200,000,000.00 

200,000,000.00 

civilian  high  level  waste 

no  discount ina 

18,000,000.00 

18,000,000.00 

discounting  (1%/yr)  approximately 

1,000,000,000.00  1 

,000,000,000.00 

Source:  Cohen  (1981) 
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1.4  UNCERTAINTY 

The  uncertainties  associated  with  risk  management  are  of  several  kinds: 

1.4.1  UNCERTAINTIES  IN  THE  PROBABILITIES  THAT  A RECEPTOR  WILL  BE  AFFECTED  BY  A 
KNOWN  HAZARD 

In  some  cases  a risk  can  be  specified  in  numerical  terms  from  historical  re- 
cords of  traffic  accidents,  hail  damage  or  drownings,  for  example.  In  other  cases, 
an  adequate  data  base  does  not  exist,  e.g.  with  respect  to  new  technology  or  extre- 
mely rare  events.  The  risk  manager  is  then  faced  with  a very  difficult  decision, 
particularly  if  the  activity  or  product  is  expected  to  bring  substantial  benefits 
to  society.  In  this  connection,  it  might  be  mentioned  that  the  common  aspirin  would 
probably  not  be  licenced  for  public  use  if  it  had  to  undergo  present-day  toxicolo- 
gical screening  procedures. 

Even  when  the  probability  of  a risk  can  be  estimated,  it  is  not  possible  to 
identify  the  individuals  who  will  be  affected,  e.g.  the  person  who  will  die  as  a 
result  of  occupational  exposures  to  asbestos  or  heavy  metals.  For  very  small  risks 
(say  1 in  a million  or  less)  there  is  considerable  doubt  about  the  reality  or  rea- 
sonableness of  the  probabilities  at  all,  and  about  their  value  in  risk  management. 
Note,  however,  Table  1-2  (from  Wilson  1979)  which  lists  risks  which  increase 
the  chance  of  death  by  1 part  in  a million.  Although  the  values  given  are  necessa- 
rily very  uncertain,  they  do  support  the  thesis  that  we  live  in  a risky  world. 

Probabilities  of  the  small  magnitudes  given  in  Table  1-2  are  commonly  multi- 
plied and  compared.  Here  it  should  be  noted  that  a very  small  probability  of  death, 
when  multiplied  by  a large  population,  may  lead  to  an  estimate  of  a rather  large 
number  of  deaths.  For  example,  the  average  annual  probability  of  death  in  Canada  is 
only  about  0.0075  but  the  number  of  deaths  is  about  180,000. 


Table  1-2.  Risks  which  increase  chance  of  death  by  0.000001^ 


Smoking  1.4  cigarettes 
Drinking  1/2  litre  wine 
Spending  1 hour  in  a coal  mine 
Spending  3 hours  in  a coal  mine 
Living  2 days  in  New  York  or  Boston 
Travelling  6 minutes  by  canoe 
Travelling  16  km  by  bicycle 
Travelling  480  km  by  car 
Flying  1600  km  by  jet 
Flying  9600  km  by  jet 
Living  2 months  in  Denver  on  vacation 
from  New  York 

Living  2 months  in  average  stone  or  brick 
building 

One  chest  X-ray  taken  in  a good  hospital 
Living  2 months  with  a cigarette  smoker 
Eating  500  g of  peanut  butter 
Drinking  Miami  drinking  water  for  1 year 
Drinking  30  375  ml  cans  of  diet  soda 
Living  5 years  at  a site  boundary  of  a typical 
nuclear  power  plant  in  the  open 
Drinking  1000  750  ml  soft  drinks  from  recently 
banned  plastic  bottles 
Living  20  years  near  PVC  plant 

Living  150  years  within  32  km  of  a nuclear 
power  plant 

Eating  100  charcoal  broiled  steaks 
Risk  of  accident  by  living  within  8 km  of  a 
nuclear  reactor  for  50  years 


Cancer,  heart  disease 

Cirrhosis  of  the  liver 

Black  lung  disease 

Accident 

Air  pollution 

Accident 

Accident 

Accident 

Accident 

Cancer  caused  by  cosmic  radiation 
Cancer  caused  by  cosmic  radiation 

Cancer  caused  by  natural 
radioactivity 

Cancer  caused  by  radiation 
Cancer,  heart  disease 
Liver  cancer  caused  by  aflatoxin  B 
Cancer  caused  by  chloror'orm 
Cancer  caused  by  saccharin 
Cancer  caused  by  radiation 

Cancer  from  acrylonitrile  monomer 

Cancer  caused  by  vinyl  chloride 
(1976  standard) 

Cancer  caused  by  radiation 

Cancer  from  benzopyrene 
Cancer  caused  by  radiation 


^(1  part  in  1 million)  (Wilson  1979) 
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1.4.2  UNCERTAINTIES  RELATED  TO  HUMAN  PERCEPTIONS  AND  VALUE  JUDGEMENTS  WITH  RESPECT 
TO  RISKS 

Even  when  risk  probabilities  can  be  estimated  accurately,  the  risk  manager 
still  faces  enormous  difficulties  because  public  perceptions  of  the  significance  of 
a risk  are  hard  to  guantify.  Perception  will  vary  from  group  to  group  and  from  time 
to  time.  Should  the  role  of  government  be  to  protect  the  public  from  risk?  If  so, 
why  are  cigarettes  not  banned  (see  Case  Study  on  page  145). 

As  another  example,  suppose  that  an  annual  probability  of  death  from  some 
risky  activity  is  0.00001;  then  if  the  risk  is  spread  equally  across  all  Canadians, 
about  240  deaths  would  occur  each  year.  If  another  probability  of  death  from  an- 
other risky  activity  is  about  0.01,  but  it  is  spread  across  an  occupational  group  of 
say  24,000  people,  then  again  240  deaths  might  be  expected  to  occur.  The  question 
to  be  asked  is  whether  one  of  these  levels  of  risk  is  too  high,  even  though  the  same 
expected  number  of  deaths  occurs. 


1.5  A CANADIAN  RISK  MANAGEMENT  POLICY 

This  monograph  moves  a step  forward  toward  the  formulation  of  a coherent  risk 
management  policy  for  Canada.  That  ultimate  goal  cannot  yet  be  achieved,  mainly 
because  the  data  banks  required  are  lacking.  In  the  chapters  that  follow,  the  main 
gaps  are  identified,  which  hopefully  will  stimulate  appropriate  agencies  to  turn 
their  attention  to  this  important  task. 
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CHAPTER  2 

IDENTIFICATION  AND  MEASUREMENT  OF  RISK 

D.  Krewski,  D.  Clayson  and  R.S.  McCullough 
Health  Protection  Branch,  Health  and  Welfare  Canada,  .Ottawa 


2.1  INTRODUCTION 

In  recent  years,  the  subject  of  risk  has  become  the  focus  of  much  discussion 
among  industry  and  government  officials  alike,  as  well  as  among  the  general  public. 
This  is  reflected  in  the  large  and  growing  literature  on  the  subject  (see  e.g.  Rowe 
1977;  Krewski  and  Brown  1981).  Many  different  types  of  risks  are  discussed,  inclu- 
ding those  relating  to  natural  resources,  economic  development,  man-induced  and 
natural  disasters,  and  foods,  drugs  and  other  consumer  products  (Whyte  and  Burton 
1980). 


The  term  risk  has  been  loosely  applied  within  these  different  contexts  but 
rational  decision-making  reguires  a quantitative  measure  of  risk  so  that  it  may  be 
'assessed,  along  with  any  perceived  benefits,  in  the  risk  management  process.  Thus, 
the  notion  of  risk  is  discussed  in  precise  mathematical  terms  in  Section  2.2. 

Because  much  of  the  available  methodology  for  risk  assessment  has  been  develo- 
ped largely  in  response  to  problems  relating  to  human  health  (Richmond  et  al . 1981), 
the  remaining  sections  of  this  chapter  will  focus  primarily  on  human  health  risks 
and  procedures  for  their  identification  and  estimation.  Current  approaches  to  the 
identification  of  human  health  risks  are  outlined  in  Section  2.3,  with  quantitative 
health  risk  assessment  discussed  in  Section  2.4.  The  use  of  data  from  health  infor- 
mation systems  maintained  by  qovernments  in  Canada  in  the  risk  assessment  process  is 
discussed  briefly  in  Section  2.5,  with  a summary  of  the  currently  available  techni- 
ques for  the  identification  and  measurement  of  environmental  health  risk  presented 
in  Section  2.6. 


2.2  WHAT  DO  WE  MEAN  BY  RISK? 

A review  of  the  literature  on  environmental  risk  assessment  reveals  that  the 
term  risk  means  different  things  to  different  authors.  For  example,  Rowe  (1977) 
defines  risk  as: 


....the  potential  for  realization  of  unwanted  negative  con- 
sequences of  an  event. 

Rosenbluth  (1980),  on  the  other  hand,  offers  the  following  definition: 

The  risk  from  an  activity  is  the  chance  that  loss  or  injury 
will  be  brought  about  by  the  activity  in  question. 

These  definitions  involve  two  ideas.  The  first  relates  to  the  hazard  associated 
with  a particular  event  while  the  second  is  concerned  with  the  probability  of  occur- 
rence of  the  particular  hazard.  O'Riordan  (1979)  combines  both  components  into  a 
single  definition: 

Risk.... is  regarded  both  as  a hazardous  outcome  and  a 
probability  of  occurrence. 

Despite  the  apparent  discord  among  the  above  definitions,  all  involve  at  least 
tacitly  the  notions  of  hazard  and  probability.  Okrent  (1980)  cites  a simple  example 
which  clarifies  the  me£ining~bf  these  two  ideas.  He  considers  two  people  crossing 
the  ocean,  one  in  a rowboat  and  the  other  in  an  ocean  liner.  The  hazard  (death  by 
drowning)  is  the  same  in  both  cases  although  the  probability  of  drowning  is  clearly 
different. 
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A quantitative  measure  of  risk  which  embodies  the  dual  notions  of  hazard  and 
probability  has  been  discussed  recently  by  Kaplan  and  Garrick  (1981).  These  authors 
note  that  he  main  elements  of  risk  analysis  may  be  identified  as  responses  to  the 
following  questions. 

What  can  happen  or  what  events  may  occur? 

What  is  the  probability  of  this  happening? 

What  are  the  consequences  of  such  an  occurrence,  or  what 
is  the  hazard  involved? 

Suppose  that  after  careful  consideration  of  the  first  question,  we  identify  n 
different  mutually  exclusive  events  E-j...,  En  which  may  occur.  We  then  go  on  to 
determine  that  event  E^  will  occur  with  probability  p^  and  is  associated  with  a 
hazard  or  loss  H^(i  = 1,...,n),  with  H-j,...,  Hn  measured  in  commensurate  units. 
(Although  it  may  not  be  possible  to  identify  in  advance  all  of  the  possible  events 
which  may  occur  in  complex  situations,  we  will  assume  for  simplicity  that  this  can 
be  done.  Thus,  p-1  + ...+p,-,  = 1).  After  arranging  the  n events  in  order  of  increasing 
hazard  H<|^...^Hn,  we  may  calculate  the  cumulative  probability  P^  = Pi+...+pn,  which 
specifies  the  probability  of  the  occurrence  of  an  event  for  which  the  hazard  is  as 
great  or  greater  than  (Table  2.1). 


Table  2.1.  Basic  elements  of  quantitative  risk  analysis 


Event 

Probability 

Hazard^ 

Cumulative  probability 

El 

PI 

Hi 

p1  = P1+  ...  + Pn  = 1 

Ei 

Pi 

Hi 

Pi  = Pi+  ...  + pn 

En 

1 A 

Pn 

Hn 

^n  = Pn 

HTTP / h \ 

As  an  example,  let  us  consider  the  risk  associated  with  the  transportation  of 
a hazardous  material  by  road  in  tankers  from  say  Toronto  to  Montreal.  The  trucks 
will  pass  through  several  urban  areas  as  well  as  other  more  sparsely  populated 
areas.  In  a single  trip,  there  may  be  an  accident  involving  spillage  of  the  mate- 
rial being  transported  resulting  in  property  damage  or  personal  injury.  This  is  a 
specific  event.  The  hazard  associated  with  the  event  will  depend  on  the  location  of 
the  accident,  the  degree  of  spillage  and  local  weather  conditions,  which  will  affect 
the  rate  at  which  the  material  is  disseminated  throughout  the  environment. 


After  categorizing  all  possible  events  by  the  magnitude  of  the  dollar  value  of 
the  property  loss,  we  might  arrive  at  a risk  analysis  of  the  following  form: 


Property  loss  ($) 
0 

10,000 

50,000 

100,000 


Probability  Cumulative  probability 

0.950  1.000 

0.030  0.050 

0.015  0.020 

0.005  0.005 


In  this  hypothetical  example,  there  is  a 95?o  chance  of  no  property  loss  at  all  and 
only  a 2?o  chance  of  a property  loss  of  $50,000.  or  greater.  If  such  transportation 
accidents  should  result  in  loss  of  life,  our  risk  analysis  might  be  expressed  as 
follows: 


Number  of  deaths 
0 
1 
2 
3 


Probability 

0.990 

0.006 

0.003 

0.001 


Cumulative  probability 
1.000 
0.010 
0.004 
0.001 
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Although  a formal  cost-benefit  analysis  of  alternative  transportation  strategies 
would  reguire  a combination  of  these  two  risk  analyses,  this  would  be  difficult  due 
to  the  problems,  both  methodological  and  moral,  in  putting  a dollar  value  on  human 
life  (Graham  and  Vaupel  1981). 

While  the  probability  of  a particular  event  occurring  in  the,  preceding  example 
might  be  determined  by  historical  precedent,  there  are  often  no  historical  data 
available  in  situations  involving  the  introduction  of  new  technological  developments 
such  as  communication  satellites  (Salter  and  Slaco  1981).  In  the  absence  of  ade- 
quate data,  however,  we  might  appeal  to  a panel  of  experts  to  construct  possible 
scenarios  and  evaluate  the  likelihood  of  their  occurrence  subjectively. 

Because  of  the  relatively  large  amount  of  information  on  risk  contained  in 
Table  2.1,  it  may  be  useful  for  some  purposes  to  consider  a single  measure  of  risk 
which  summarizes  in  some  useful  way  the  detailed  listing  of  possible  events,  their 
probabilities  of  occurrence  and  their  hazards.  In  statistical  decision  theory,  for 
example,  such  a summary  measure  of  risk  R has  been  defined  as  the  average  loss  or 
hazard  given  by 

R = pi  H1+  ...  + pn  Hn 

'(Ferguson  1967).  In  the  transportation  scenario  discussed  above,  for  example,  the 
expected  property  loss  per  trip  would  be  $1550. 

An  important  special  case  of  the  above  analysis  occurs  when  only  one  particu- 
lar undesirable  event  may  occur.  For  example,  suppose  that  a particular  lesion  may 
be  induced  following  exposure  to  a particular  environmental  contaminant  with  proba- 
bility p.  Associating  losses  0 and  1 units  with  the  absence  or  presence  of  the 
lesion  respectively,  the  average  loss  is  given  by 

R = [(1  - p)*0  + p*l]  = p 

Thus,  in  simple  situations  such  as  this  the  concept  of  average  risk  is  effectively 
equivalent  to  the  probability  of  occurrence. 

While  the  expected  loss  may  be  an  appropriate  measure  of  risk  in  many  cases, 
other  summary  measures  may  also  be  used,  subject  to  the  constraint  that  increasing 
either  hazard  or  the  probability  of  occurrence  will  increase  the  risk.  An  extreme 
case  would  be  to  ignore  the  probability  of  occurrence  and  take  the  risk  R to  be  the 
maximum  hazard  H (Campbell  1980).  This  would  reflect  the  intent  to  consider  only 
information  on  the  nature  of  the  loss  and  not  on  the  likelihood  of  its  occurrence. 
An  example  of  this  latter  philosophy  is  embodied  in  the  Delaney  amendment  in  the 
United  States  (Coulston  1979),  which  states  that  chemicals  with  any  carcinogenic 
potential  whatsoever  may  not  be  added  to  food  no  matter  how  small  the  probability  of 
cancer  induction.  Here,  the  hazard  in  question  is  regarded  as  being  of  sufficiently 
great  concern  that  no  chance  of  occurrence,  no  matter  how  small,  would  be  considered 
acceptable. 

The  difficulty  with  all  such  scalar  measures  of  risk  is  that  considerable 
information  is  lost  in  the  summarization  process.  For  example,  it  is  possible  for 
two  different  risk  management  strategies  to  have  divergent  risk  curves  and  yet  have 
the  same  average  risk.  In  the  situation  illustrated  in  Fig.  2.1,  for  example,  it  is 
not  clear  whether  Strategy  A,  which  results  in  a greater  occurrence  of  events  with 
small  losses,  is  preferable  to  Strategy  B,  which  results  in  a greater  occurrence  of 
more  hazardous  events. 


2.3  RISK  IDENTIFICATION 

There  are  four  main  approaches  to  the  indentification  of  human  health  risks: 
direct  observation  of  adverse  health  effects  in  man;  epidemiological  studies  of 
human  populations;  toxicological  experimentation  using  animal  models  for  man;  and 
indirect  analytical  tests  conducted  in  the  laboratory.  The  risks  inherent  in  driving 
an  automobile,  for  example,  are  readily  apparent  through  direct  observation  although 
formal  epidemiological  methods  are  required  to  organize  the  available  data  and  quan- 
tify the  risks  involved.  At  the  beginning  of  the  current  era  of  space  exploration, 
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Fig.  2.1.  Risk  curves  for  two  different  risk  management  strategies 


there  were  no  human  data  available  on  which  to  base  judgements  of  risk.  Thus, 
animals  were  sent  into  space  to  obtain  some  information  on  potential  human  health 
risks.  Indirect  testing  is  of  most  use  where  animal  experiments  are  difficult  or 
costly  to  conduct  as  in  assessing  carcinogenic  potential  of  environmental  chemicals. 
In  this  case,  a rpnge  of  short-term  tests,  including  those  based  on  microbial  muta- 
genicity, may  provide  indications  as  to  whether  a particular  agent  is  likely  to 
induce  cancer  (Mohn  1981;  Brookes  1981;  Flanders  1981). 

The  remainder  of  this  section  will  be  concerned  primarily  with  identifying 
health  risks  associated  with  exposure  to  environmental  chemicals.  The  main  health 
effect  discussed  will  be  cancer,  which  is  currently  of  public  concern.  Because 
human  cancer  may  take  up  to  40  years  to  develop  from  the  time  of  first  exposure,  it 
presents  problems  in  risk  identification  which  are  not  so  readily  apparent  with  more 
immediate  hazards. 


DIRECT  OBSERVATION 

Nearly  three  centuries  ago,  Ramazzini  (1700)  noted  that  nuns  living  in 
Appennine  monasteries  appeared  to  have  an  elevated  freguency  of  mammary  cancer.  He 
suggested  that  this  might  be  due  to  their  celibacy,  an  observation  in  accord  with 
recent  observations  that  nulliparous  women  may  develop  breast  cancer  more  freguently 
than  those  who  have  borne  children  (MacMahon  and  Cole  1969;  Sherman  and  Korenman 
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1974).  Further  astute  clinical  observations  included  Pott's  (1775)  report  that 
juvenile  chimney  sweeps  in  England  were  peculiary  liable  to  scrotal  cancer  at 
puberty;  Ayrton-Paris  (1822)  and  Hutchinson's  (1887)  respective  claims  that  occupa- 
tional and  medicinal  exposure  to  arsenic  were  carcinogenic;  and  Rehn's  (1895)  report 
that  the  manufacture  of  dyestuffs  led  to  bladder  cancer. 

Similar  observations  continue  to  be  made.  For  example,  transplacental  expo- 
sure to  diethylstilbestrol  appears  to  be  associated  with  vaginal  and  cervical  cancer 
(Smith  and  Smith  1949;  Herbst  and  Scully  1970);  high  estrogen  oral  contraceptives 
with  benign  liver  tumours  (Baum  et_  al.  1973);  and  the  manufacture  of  polyvinyl 
chloride  with  liver  angiosarcoma  (Creech  and  Johnson  1974).  Such  clinical 
observations  are  often  based  on  small  numbers  of  cases  and  are  not  always  confirmed 
by  more  rigorously  conducted  follow-up  studies.  Even  today,  for  example,  there 
remains  some  doubt  that  arsenic  compounds  can  cause  human  cancer. 

Direct  observations  are  of  particular  significance  if  the  induced  lesion  is 
normally  uncommon.  Liver  angiosarcomas,  for  example,  occur  in  about  20-30  persons 
per  year  in  the  United  States  population.  Thus,  the  observation  of  three  cases  (not 
exposed  to  the  radio-opague  medium  thorotrast,  nor  to  arsenic,  which  may  also  induce 
these  tumors)  in  a population  of  4,000-5,000  polyvinyl  chloride  workers  strongly 
suggested  that  vinyl  chloride  was  carcinogenic.  The  observation  that  a certain 
agent  seems  to  be  associated  with  three  cases  of  the  relatively  freguent  lung  or 
colorectal  cancers,  on  the  other  hand,  would  be  rather  unconvincing  because  such 
tumors  might  easily  have  arisen  by  chance. 

To  a certain  extent,  anecdotal  observations  of  this  kind  represent  little  more 
than  a single  professional's  opinion.  Repeated  observations  that  exposure  to  a 
particular  chemical  seems  to  be  associated  with  a rare  type  of  tumour  are  certainly 
supportive,  as  in  the  case  of  the  series  of  reports  that  exposure  to  high  levels  of 
cyclophosphamide  resulted  in  both  human  leukaemia  and  bladder  cancer  (Puri  and 
Campbell  1977),  but  are  no  alternative  for  carefully  conducted  epidemiological 
studies. 


EPIDEMIOLOGICAL  STUDIES 

Epidemiology  is  concerned  with  the  study  of  individuals  within  populations 
exposed  to  different  levels  of  the  agent  or  process  in  guest  ion,  in  order  to  deter- 
mine whether  exposure  is  associated  with  beneficial  or,  more  commonly,  adverse 
health  effects  (Doll  1981;  Doll  and  Peto  1981).  Several  general  approaches  have 
been  employed  in  epidemiological  investigations.  The  most  freguently  used  include 
"descriptive  epidemiology"  in  which  the  exposure  of  entire  populations  is  related  to 
its  possible  conseguences  (Kanarak  1981),  "retrospective  case-control  studies"  in 
which  past  exposures  are  determined  for  individuals  who  have  or  have  not  developed 
the  disease  under  investigation  (Cantor  1981),  "prospective  cohort  studies"  in  which 
normal  (healthy)  populations  that  are  or  are  not  exposed  to  the  suspect  agent  are 
followed  to  determine  whether  or  not  the  disease  in  guestion  develops  (Blair  and 
Spirtas  1981). 

Descriptive  epidemiology  generally  involves  comparisons  of  large  (often 
national)  populations  with  respect  to  their  exposure  and  response.  Since  it  is 
difficult  to  account  for  other  possible  differences  between  such  populations,  it  is 
possible  to  obtain  misleading  associations.  Nevertheless,  such  studies  may  indicate 
promising  avenues  for  study  using  more  elaborate  investigative  technigues. 

Descriptive  epidemiology  has  been  extensively  used  to  determine  whether  diet- 
ary factors  (Caroll  1975)  affect  human  cancer  incidence  (Armstrong  and  Doll  1975). 
In  most  studies  information  on  per  capita  national  consumption  of  an  item  and  the 
national  morbidity  rates  for  a particular  disease  are  compared  for  as  many  countries 
or  districts  as  possible  to  determine  whether  or  not  there  is  a statistical  correla- 
tion between  these  factors.  Cairns  (1975),  for  example,  notes  that  the  incidence  of 
colon  cancer  in  males  seems  to  increase  with  per  capita  meat  consumption.  As  noted 
above,  however,  such  correlations  may  be  misleading  because  of  the  possible 
existence  of  other  causal  factors  which  may  be  related  to  the  factor  under  investi- 
gation. It  is  possible,  for  example,  that  the  increased  incidence  of  colon  cancer 
observed  with  increasing  consumption  of  meat  may  actually  be  due  to  reduced  cereal 
consumption  since  meat  and  cereal  consumption  tend  to  be  inversely  related. 
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Retrospective  epidemiology  consists  of  identifying  a group  of  patients  who 
have  developed  a specific  disease  and  a corresponding  control  group  of  patients 
without  the  disease.  To  the  extent  possible,  these  two  groups  are  then  compared 
with  respect  to  their  complete  life  history,  especially  in  regard  to  factors  that 
are  known  or  suspected  to  influence  the  etiology  of  the  disease  in  guest  ion.  Cases 
and  controls  are  often  "matched"  on  auxiliary  characteristics  such  as  age,  sex  and 
habitat  as  well  as  exposure  to  other  factors  known  to  affect  the  disease  process 
under  study  so  that  the  effect  of  the  risk  factor  of  most  interest  may  be  more 
clearly  ascertained. 

The  major  problem  with  such  retrospective  studies  is  in  obtaining  accurate 
historical  records  for  both  cases  and  controls.  Records  of  past  occupational 
history  or  of  drugs  prescribed  are  generally  woefully  inadequate  if  they  exist  at 
all.  Recollections  of  patients  or  their  friends  and  relatives  are,  therefore,  often 
the  major  source  of  information.  This  information  may  be  of  limited  value  because, 
although  most  people  can  remember  the  major  events  in  their  past  such  as  employment 
history,  they  have  great  difficulty  in  recounting  accurately  what  they  ate  during 
the  last  two  weeks,  let  alone  the  past  20  to  40  years.  The  skills  of  an  experienced 
interviewer  are  thus  of  the  utmost  importance  to  the  success  of  a retrospective 
epidemiological  investigation.  It  is  his  or  her  responsibility  to  help  the  subject 
recall  past  events  without,  so  far  as  is  possible,  introducing  bias  into  the 
responses  which  might  invalidate  the  study. 

Despite  these  difficulties,  retrospective  epidemiology  has  provided  the  bulk 
of  our  current  knowledge  of  many  human  diseases,  including  cancer.  Such  studies  are 
most  convincing  when  the  effects  observed  are  large  and  are  reproduced  in  indepen- 
dent investigations.  A study  of  the  occurrence  of  bladder  cancer  among  workers  in 
the  British  chemical  industry,  for  example,  revealed  a 30-40  fold  increase  in  the 
risk  of  bladder  cancer  among  those  exposed  to  certain  aromatic  amines  (Case  et^  jU. 
1954).  In  many  cases,  however,  observed  differences  between  control  and  exposed 
populations  are  much  smaller.  MacMahon  £t_  £l_.  (1981),  for  example,  interviewed  369 
pancreatic  cancer  patients  and  644  controls  to  determine  their  consumption  of 
tobacco,  alcohol,  coffee  and  tea.  There  appeared  to  be  some  association  between 
cigarette  smoking  and  cancer,  but  none  for  other  uses  of  tobacco,  or  for  alcohol  or 
tea  consumption.  Coffee  drinking,  however,  seemed  to  be  associated  to  some  extent 
with  pancreatic  cancer.  Using  this  particular  study  as  an  example,  Feinstein  et 
al.  ( 1 981 ) discussed  the  various  limitations  of  retrospective  epidemiological 
studies,  including  loss  of  pancreatic  cancer  patients  prior  to  the  time  of  interview 
which,  because  of  the  abnormally  short  prognosis  of  this  disease  (often  less  than  6 
months)  is  to  some  extent  unavoidable.  Thus,  the  validation  of  studies  such  as  this 
using  evidence  for  the  existence  of  a causal  relationship  between  the  disease  in 
question  and  the  suspect  risk  factor  is  of  critical  importance. 

Prospective  epidemiological  studies  in  which  healthy  populations  with  known 
exposures  to  the  agents  under  consideration  are  followed  until  the  disease  of  inte- 
rest develops  are  more  demanding  in  terms  of  resources  required  than  are  descriptive 
and  retrospective  studies.  In  particular,  they  may  require  very  long  observation 
periods  when  slowly  developing  diseases  such  as  cancer  are  studied.  Nonetheless, 
prospective  epidemiology  has  proved  useful  in  the  study  of  the  adverse  health 
effects  of  cigarette  smoking  both  in  the  United  States  and  the  United  Kingdom 
(Hammond  et  ai.  1977;  Doll  and  Hill  1964).  It  has  also  been  used  to  investigate 
whether  or  not  cessation  of  the  use  of  the  known  human  bladder  carcinogens,  2-naph- 
thylamine,  benzidine  and  1 -naphthylamine,  resulted  in  the  disappearance  of  the 
bladder  cancer  problem  in  the  United  Kingdom  rubber  industry  (Fox  jst^  al.  1974), 
although  further  follow  up  of  the  exposed  populations  is  required  in  order  to  obtain 
a more  definitive  answer  in  this  case  (Clayson  1976). 

It  is  important  to  remember  that  no  epidemiological  study  can  be  undertaken 
without  human  exposure.  Such  exposure  is  obviously  undesirable  if  health  effects  as 
serious  as  cancer  may  occur.  Furthermore,  because  cancer  often  has  a long  latent 
period,  a great  many  individuals  may  be  exposed  before  epidemiological  investiga- 
tions can  detect  the  existence  of  a human  health  hazard.  Thus,  animal  and  other 
tests  that  precede  human  exposure  are  essential  in  health  risk  identification. 
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TOXICOLOGICAL  EXPERIMENTATION 

Animal  experiments  resemble  epidemiological  studies  insofar  as  they  are  con- 
cerned with  the  effects  of  different  levels  of  exposure  to  a suspect  agent.  The  ex- 
perimental toxicologist,  however,  has  the  opportunity  to  conduct  a more  controlled 
study  than  the  epidemiologist  because  he  may  ensure  that  the  animals  in  his  study 
populations  are  as  similar  as  possible  at  the  start  of  his  investigation.  He  can 
rigidly  control  the  exposure  levels  that  the  test  animals  are  subjected  to  and  he 
can  ensure  that  many  other  potential  confounding  factors  do  not  compromise  the  study 
results. 

The  penalty  for  this  increased  precision  is  two-fold.  First,  his  results  re- 
late primarily  to  the  experimental  species  he  has  used  rather  than  to  the  species  of 
ultimate  concern,  namely  man.  Second,  in  experiments  such  as  those  used  to  deter- 
mine carcinogenicity,  it  is  necessary  to  exaggerate  the  dose  used  to  obtain  meaning- 
ful results  using  an  economically  limited  number  of  animals.  Although  several 
adjustments  to  these  indirect  observations  have  been  proposed,  both  extrapolations 
lead  to  considerable  uncertainty  in  applying  animal  data  to  the  human  situation 
(Krewski  et  al.  1982;  Munro  and  Krewski  1982). 

Methods  for  investigating  most  forms  of  toxicity  have  been  developed  for  use 
with  laboratory  animals.  The  more  complex  the  biological  process,  however,  the 
greater  the  degree  of  experimental  sophistication  required.  The  nature  of  such 
toxicological  tests  will  be  reviewed  only  briefly  here,  more  detailed  accounts  being 
given  by  many  authorities  including  the  Food  Safety  Council  (1980)  and  Safe  Drinking 
Water  Committee  (1980). 

Acute  toxicity  studies  may  be  used  to  assess  the  test  agent's  potential  to 
induce  adverse  effects  following  high  levels  of  exposure  over  a short  period  of 
time.  Experimental  animals  are  generally  subjected  to  a single  dose  of  the  test 
compound.  Potential  hazards  are  then  identified  by  monitoring  mortality  and  other 
toxic  effects  in  these  animals  over  a period  of  about  two  weeks.  Several  different 
dose  levels  are  generally  employed  in  order  to  estimate  that  dose  which  will  result 
in  30?i  mortality  (i.e.  the  median  lethal  dose). 

Acute  studies  are  not  considered  to  be  of  great  predictive  value  in  terms  of 
potential  human  health  hazards.  The  median  lethal  dose  derived  from  an  acute 
toxicity  study  may,  however,  provide  a yardstick  with  which  to  compare  the  toxic 
potential  of  different  compounds.  Acute  studies  are  also  useful  for  identifying 
clinical  manifestations  of  toxicity  and  to  define  a suitable  range  of  doses  for 
studies  of  longer  duration. 

Subchronic  toxicity  studies  may  be  used  to  assess  potential  toxic  effects 
associated  with  longer  periods  of  exposure.  Experimental  animals  are  typically  sub- 
jected to  repeated  doses  of  the  test  material  for  periods  of  90  days  or  longer. 
Reproductive  and  teratological  effects  may  also  be  studied  by  examining  the  progeny 
of  the  parent  animals  carried  throuqh  one  complete  reproductive  cycle.  Several  ex- 
posure levels  are  generally  used  in  an  attempt  to  characterize  the  shape  and  nature 
of  the  dose-response  relationship.  Subchronic  and  reproductive  studies  provide  some 
indications  as  to  potential  human  health  hazards  as  well  as  a guide  for  the 
selection  of  doses  to  be  used  in  chronic  toxicity  studies. 

Metabolic  and  pharmacokinetic  studies  may  be  used  to  determine  the  absorption, 
distribution  and  elimination  of  the  test  compound  and  to  determine  the  rates  at 
which  these  processes  occur.  This  information  is  essential  in  order  to  develop  ade- 
quate protocols  for  subchronic  and  chronic  toxicity  studies  (Withey  1978).  Meta- 
bolic and  pharmacokinetic  data  are  also  invaluable  in  the  interpretation  of  mutage- 
nicity and  other  toxic  tests  and  in  the  comparison  of  results  in  different  species. 

Chronic  toxicity  studies  may  be  used  to  detect  toxic  effects  which  occur  only 
after  prolonged  exposure.  While  most  toxic  effects  will  be  manifest  in  subchronic 
studies,  certain  irreversible  progressive  effects  such  as  cancer  may  only  occur 
following  extended  periods  of  exposure.  Despite  the  problem  of  interspecies  extra- 
polation, the  chronic  animal  bioassay  remains  an  important  toxicological  tool  for 
assessing  potential  human  health  risks  due  to  long-term  low-level  exposure  to 
environmental  contaminants. 
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Several  hundred  chemicals  have  now  been  shown  to  be  carcinogenic  in  animals 
(Searle  1976).  These  chemicals  often,  though  not  always,  belong  to  certain  chemical 
classes  such  as  the  polycyclic  aromatic  hydrocarbons,  aromatic  amines,  N-nitroso 
compounds  or  aflatoxins.  In  contrast,  epidemiological  investigations  have  been  able 
to  classify  only  36  agents  as  strongly  suspected  human  carcinogens  (IARC  1980). 


INDIRECT  ANALYTICAL  TESTS 

Although  animal-based  tests  currently  form  the  backbone  of  toxicology  proce- 
dures for  assessing  possible  adverse  reactions  to  chemicals,  they  have  a number  of 
disadvantages.  The  cost  of  breeding  and  maintaining  large  numbers  of  animals  for 
extended  periods  is  high.  Furthermore,  some  people  believe  that  there  are  ethical 
objections  to  the  use  of  animals  for  toxicological  experimentation.  The  development 
of  viable  alternatives  to  whole  animal  testing  is,  therefore,  a worthwhile  and  desi- 
rable objective. 

Indirect  tests  may  be  devised  at  any  level  of  toxicology  or  pharmacology.  For 
example,  it  is  easier  to  monitor  the  effectiveness  of  certain  diuretics  by  the  in 
vitro  measurement  of  carbonic  anhydrase  inhibition  than  by  whole  animal  studies 
(Clayson  et  al.  1973). 

Short-term  tests  to  take  the  place  of  cancer  studies  in  animals  are  highly 
desirable  and  have  recently  attracted  much  attention.  Basically,  the  rationale  for 
this  approach  is  to  identify  a specific  critical  event  in  the  carcinogenic  process 
and  then  develop  a test  which  effectively  detects  the  occurrence  of  this  event.  The 
belief  that  cancer  initiation  may  involve  some  form  of  mutation  or  toxic  injury  to 
the  target  cell  genome  is  the  basis  for  our  present  generation  of  cancer  pre- 
screening tests. 

Mutagenicity  assays  may  also  be  used  to  assess  the  potential  for  environmental 
contaminants  to  induce  heritable  genetic  effects.  Such  effects  are  of  great  concern 
since  mutational  damage  not  resulting  in  immediate  phenotypic  expression  may  go  un- 
detected for  several  generations.  In  the  assessment  of  genetic  toxicity,  a battery 
of  tests  designed  to  identify  a broad  range  of  possible  genetic  anomalies  is  often 
recommended  (Ames  1978;  de  Serres  and  Ashby  1981;  Weisburger  and  Williams  1981). 

Ames  et  al.  (1973a;  b)  and  Ames  (1978)  developed  special  strains  of  Salmonella 
typhimurium  that  were  deficient  in  the  ability  to  synthesize  the  essential  amino 
acid,  histidine.  These  bacteria  could,  however,  mutate  back  or  revert  to  a histi- 
dine-independent form.  This  means  that  the  original  test  strains  do  not  grow  in  a 
histidine  free  medium  and  that  revert  ants  could,  therefore,  be  selected  by  growing 
them  in  such  a medium.  By  co-incubating  these  bacteria  with  a mammalian  metabolic 
activation  system  capable  of  converting  pro-carcinogens  into  their  biologically 
active  form  (Miller  and  Miller  1976),  it  is  possible  to  detect  a specific  mutational 
event  possibly  associated  with  carcinogenesis. 

Results  reported  by  McCann  et_  al.  (1973)  and  Purchase  et_  al.  (1978)  are 
suggestive  of  an  association  between  mutagenic  effects  in  the  Ames'  Salmonella  and 
in  mammalian  cell  transformation  systems  and  carcinogenic  effects  in  chronic  animal 
bioassays.  The  degree  of  this  association  depends  to  a large  extent  on  the  chemical 
class  of  interest  as  well  as  individual  laboratory  test  criteria.  Thus,  the  overall 
strength  of  the  mutagenicity-carcinogenicity  correlation  remains  to  be  established 
(De  la  Iglesia  et  al.  1980;  Purchase  1982). 

Most  current  indirect  assays  for  carcinogens  such  as  the  Ames  and  related 
microbial  mutagenicity  assays  and  cell  transformation  assays  are  largely  qualitative 
in  nature.  That  is,  they  may  help  in  determining  whether  or  not  an  agent  is  likely 
to  be  carcinogenic  but  they  give  no  good  indications  as  to  its  potency  or  strength. 
This  may  well  be  because  of  problems  with  the  system  used  for  metabolic  activation 
(Clayson  1980;  Wright  1980).  The  Ames  test  generally  employs  a rat  liver  homogenate 
for  this  purpose.  In  future,  however,  the  introduction  of  metabolic  changes  and 
mutation  by  different  mammalian  cells  may  yield  more  quantitative  estimates  of 
potency  due  to  the  fact  that  the  metabolic  activation  system  more  closely  resembles 
that  in  the  whole  animal  or  man  (Jones  et  al.  1981). 
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2.4  QUANTITATIVE  RISK  ASSESSMENT 


MEASURES  OF  RISK 

In  the  area  of  health  risk  analysis,  two  commonly  used  measures  of  the 
frequency  of  disease  or  death  are  "prevalence"  and  "incidence'1.  Prevalence  is 
simply  the  proportion  of  a particular  population  which  is  affected  by  the  disease  in 
question  at  a specific  time.  (Note  that  prevalence  does  not  take  into  account  the 
time  of  disease  occurrence,  only  that  it  is  present  at  that  time  of  observation.) 
Incidence  is  the  proportion  of  disease-free  individuals  developing  the  disease 
during  a specified  period  and  is  more  appropriate  for  relating  occurrence  to  poten- 
tial causative  risk  factors. 

Rates  are  used  to  express  the  frequency  of  occurrence  within  a specified  time 
frame.  The  "incidence  rate",  for  example,  is  simply  the  incidence  of  disease  occur- 
rence divided  by  the  duration  of  the  period  of  observation.  As  noted  in  Chapter  3, 
for  example,  male  and  female  mortality  rates  across  all  age  groups  in  Canada  are  836 
and  603  deaths  per  100,000  population  per  year.  Because  the  incidence  of  most 
diseases  varies  with  both  calendar  time  and  age,  however,  time  or  age-specific 
incidence  rates  are  necessary  in  order  to  describe  the  longitudinal  development  of 
disease  patterns.  Such  time-dependent  rates  are  often  described  in  terms  of  the 
"hazard  rate",  which  is  obtained  by  letting  the  time  interval  on  which  the  incidence 
rate  is  calculated  become  arbitrarily  small  (Kalbfleisch  and  Prentice  1980).  (This 
"instantaneous"  incidence  rate  can  in  fact  be  shown  to  be  the  rate  at  which  preva- 
lence is  increasing  at  a given  point  in  time  relative  to  the  proportion  of  the  popu- 
lation unaffected  at  that  time.)  The  hazard  rate  for  human  mortality,  for  example, 
has  a bathtub  like  shape  due  to  infant  mortality  and  childhood  diseases  and  the 
effects  of  aging. 

Although  time-dependent  rates  may  be  most  informative,  it  is  sometimes  conve- 
nient to  employ  a single  summary  measure  of  disease  occurrence  encompassing  the 
entire  period  of  interest.  One  such  measure  is  the  "cumulative  incidence  rate" 
obtained  by  simply  summing  up  the  component  time  or  age-specific  incidence  rates 
(Breslow  and  Day  1980).  When  comparisons  between  different  populations  are  made, 
such  cumulative  rates  should  be  standardized  so  as  to  reflect  differences  in  the  age 
distributions  between  populations  (Fleiss  1981). 

"Relative  risk"  may  be  used  to  compare  the  frequency  of  occurrence  or  incidence 
in  two  different  populations.  Letting  r-)  and  T2  denote  the  respective  incidence 
rates  in  the  two  populations,  the  risk  of  the  first  population  relative  to  the 
second  is  simply  r = r-|/r2-  Similarly,  the  "excess  risk"  is  simply  the  difference 
r*  = r-j  - r2  in  risk  between  the  two  populations.  Another  measure  of  the  relative 
frequency  of  a particular  disease  is  the  "odds  ratio"  w = [r'j/O-r'i ) ]/[r2/(  1-^)  ] or 
the  odds  of  being  affected  in  the  first  population  relative  to  the  second.  (Since 
the  odds  ratio  is  approximately  equal  to  the  relative  risk  r whenever  the  risks  r-| 
and  r2  are  small,  estimates  of  the  odds  ratio  obtained  in  epidemiological 
case-control  studies  may  often  provide  good  estimates  of  the  relative  risk.)  While 
the  relative  risk  provides  a useful  measure  for  comparing  the  relative  disease 
frequency  in  exposed  and  unexposed  or  control  populations,  it  does  not  allow  an 
assessment  of  the  impact  of  reducing  exposure  to  the  risk  factor  in  question.  The 
"population-attributable  risk",  or  the  proportion  of  cases  in  a given  population 
that  may  be  attributable  to  the  risk  factor  in  question,  may  be  used  for  this 
purpose  (Smouse  and  Hamilton  1981). 

The  notion  of  relative  risk  is  frequently  encountered  in  epidemiological 
investigations.  (Case-control  studies  in  fact,  provide  estimates  of  only  relative 
rather  than  absolute  rates.)  Excess  risk,  on  the  other  hand,  is  more  frequently 
employed  for  risk  estimation  based  on  toxicological  experiments.  Although  human 
risks  can  be  assessed  directly  in  epidemiological  studies  subject  to  the  adequate 
control  of  bias  and  confounding,  the  use  of  toxicological  data  for  purposes  of  human 
risk  assessment  involves  certain  extrapolations  first  from  high  to  low  doses  and 
second  from  the  animal  model  used  to  humans. 
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TOXOCOLOGICAL  RISK  ASSESSMENT 

Traditionally,  a safe  level  of  exposure  for  man  is  defined  as  some  arbitrary 
fraction  such  as  1/100  of  that  dose  level  at  which  no  effects  are  observed  in  a 
group  of  test  animals  (Vetorazzi  1980).  The  magnitude  of  the  safety  or  uncertainty 
factor  may  be  modified  depending  on  the  chemical  and  kinetic  properties  of  the  test 
compound,  the  effects  induced  as  well  as  the  quality  of  the  available  toxicological 
data  (Safe  Drinking  Water  Committee  1980;  Committee  on  Food  Protection  1980). 

The  use  of  safety  factors  in  arriving  at  acceptable  human  exposure  levels 
involves  the  assumption  that  a threshold  dose  below  which  no  adverse  effects  will 
occur  exists.  Since  such  thresholds  are  likely  to  vary  among  individuals,  however, 
the  determination  of  a population  threshold  presents  the  difficult  statistical 
problem  of  determining  the  minimum  of  the  individual  thresholds  (Schneiderman  et_  al. 
1979).  In  the  case  of  carcinoaens,  moreover,  even  the  existence  of  individual 
thresholds  is  subject  to  debate  (Truhaut  1979;  1980). 

The  safety  factor  approach  has  also  been  criticized  on  the  grounds  that  the 
observed  no-effect  level  will  depend  on  the  sample  size,  with  response  rates  of  0/10 
and  0/1000  obviously  having  different  interpretations.  In  addition,  the  application 
of  a standard  safety  factor  does  not  take  into  account  the  slope  of  the  dose- 
response  curve  for  the  particular  response  of  interest.  (While  a moderate  safety 
factor  may  suffice  whenever  the  dose-response  relationship  is  relatively  steep,  it 
may  not  be  adequate  if  the  dose-response  curve  is  actually  relatively  shallow.) 

Statistical  procedures  for  quantitative  risk  assessment  involve  a mathematical 
model  relating  the  probability  of  an  induced  response  to  the  dose  rate  (Krewski  and 
van  Ryzin  1981).  Because  of  the  statistical  problems  inherent  in  the  determination 
of  no-effect  levels,  most  such  models  have  dispensed  with  the  threshold  concept. 
While  absolute  safety  may  then  be  guaranteed  only  when  the  level  of  exposure  is 
zero,  a virtually  safe  level  of  exposure  associated  with  some  suitably  low  level  of 
excess  risk  may  still  be  estimated  (Fig.  2.2).  It  is  important  to  recognize  that  in 
order  to  induce  measurable  response  rates  within  a test  population,  experiments 
generally  use  doses  well  in  excess  of  human  exposure  levels.  Thus,  the  determina- 
tion of  a virtually  safe  dose  will  generally  involve  extrapolation  of  the  experi- 
mental results  well  outside  the  observable  response  range. 
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Fig.  2.2.  Dose-response  curves  exhibiting  threshold  and  non-threshold  behaviour. 
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The  main  problem  with  this  approach  is  that  several  different  models  may  fit 
the  data  equally  well  in  the  observable  range  and  yet  differ  greatly  upon  extra- 
polation to  low  doses  (Munro  and  Krewski  1981).  As  indicated  in  Fig.  2.3,  the  shape 
of  the  dose-response  curves  for  the  above  models  in  the  low  dose  region  will  have 
considerable  impact  on  estimates  of  risk  associated  with  low  levels  of  exposure. 
Statistically,  dose-response  curves  for  certain  models  can  approach'  zero  at  a faster 
than  linear  or  supralinear  rate,  although  the  biological  plausibility  of  this  beha- 
viour seems  questionable.  The  assumption  of  linearity  in  the  low  dose  region  may  be 
reasonable  in  the  case  of  certain  carcinogenic  compounds  which  act  through  direct 
interaction  with  DNA  or  in  the  case  of  compounds  which  increase  the  spontaneous  res- 
ponse rate  through  acceleration  of  an  already  ongoing  process  (Crump  et  al.  1976). 
For  compounds  which  appear  to  induce  effects  only  at  high  doses  as  a result  of  meta- 
bolic overload,  sublinearity  or  even  a threshold-like  behaviour  cannot  be  ruled  out 
(Reitz  et  al.  1980;  Shank  and  Barrows  1981). 
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Fig.  2.3.  Possible  shapes  of  the  dose-response  curve  in  the  low  dose  region. 


Because  the  true  shape  of  the  dose-response  curve  in  the  low  dose  region  can- 
not be  determined  experimentally,  there  remains  considerable  uncertainty  as  to  the 
actual  risk  associated  with  low  levels  of  exposure.  These  problems  of  low  dose 
extrapolation  are  further  compounded  by  the  uncertainties  involved  in  the  extrapo- 
lation from  animals  to  man.  One  cannot  be  certain  that  the  target  tissue  will  be 
the  same  in  different  species  (Purchase  1980;  Munro  and  Krewski  1982),  let  alone  the 
potency  of  the  test  compound  or  the  shape  of  the  dose-response  curve.  Even  among 
different  strains  of  the  same  species,  dose-response  relationships  can  vary  markedly 
(Haseman  and  Hoel  1979).  Because  of  these  uncertainties,  some  regulatory  authori- 
ties have  advocated  the  use  of  conservative  risk  assessment  procedures  based  on  the 
worst  case  assumptions  (Interagency  Regulatory  Liaison  Group  1979;  U.5.  EPA  1980). 
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2.5  CANADIAN  HEALTH  SYSTEM  STATISTICS 

Federal,  provincial  and  municipal  governments  in  Canada  share  the  responsibi- 
lity for  matters  relating  to  public  health.  At  the  federal  level,  the  Department  of 
National  Health  and  Welfare  is  the  principal  agency  in  this  regard  and  is  respon- 
sible for  the  overall  promotion,  preservation  and  restoration  of  the  health  of 
Canadians  as  well  as  for  their  social  security  and  social  welfare.  Units  in  the 
Health  Protection  and  Health  Programs  Branches  are  concerned  with  data  on  health 
products,  health  hazards  and  certain  disease  areas;  they  also  operate  a medical  care 
data  bank,  and  integrate  health  statistical  data  from  various  sources. 

The  main  federal  agency  responsible  for  health  statistics  is  Statistics 
Canada.  Through  its  Health  Division,  it  has  established  information  systems  rela- 
ting to  vital  statistics,  special  diseases,  health  personnel  and  hospital  and  insti- 
tutional care  (Statistics  Canada  1980).  Although  the  collection  of  the  original 
data  in  these  areas  is  the  responsibility  of  the  provinces,  the  results  are  made 
available  through  federal-provincial  agreements  permitting  Statistics  Canada  to 
compile  and  publish  a number  of  national  reports. 

Statistics  Canada  maintains  complete  records  on  deaths  which  occur  in  Canada, 
including  age,  location  and  cause  as  identified  by  the  widely  recognized  Interna- 
tional Classification  of  Disease  Code.  From  this  information  on  mortality,  the  life 
expectancy  of  Canadians  can  be  estimated.  The  current  life  expectancy  is  about  70 
and  77  years  for  males  and  females,  respectively  (Statistics  Canada  1979). 

Hospital  statistics  can  provide  much  information  on  specific  illnesses  and 
disabilities  as  well  as  patterns  of  treatment.  This  allows  tabulation  of  the  number 
of  patient  admissions  and  separations  (by  death  or  discharge)  and  of  the  length  of 
stay  in  hospitals.  Some  provinces  also  keep  detailed  records  of  diagnoses  of 
patients'  conditions  derived  from  physicians'  medical  care  insurance  claim  forms. 
Although  these  hospital  morbidity  data  are  a very  comprehensive  source  of  informa- 
tion on  illness  and  disability  patterns,  this  source  has  limitations.  There  are  no 
data  on  illnesses  which  are  self-treated  or  on  those  which  improve  before  admission 
to  hospital.  There  is  also  relatively  little  information  on  the  chronically  dis- 
abled or  on  the  number  of  days  Canadians  remain  at  home  because  of  illness. 

Besides  compiling  general  mortality  and  hospital  morbidity  data,  Statistics 
Canada  maintains  special  registries  and  undertakes  special  analyses  relating  to  par- 
ticular disease  conditions  and  their  treatment.  Some  of  these  information  systems 
are  developed  in  cooperation  with  voluntary  agencies.  In  1969,  for  example,  Statis- 
tics Canada  started  a national  cancer  reporting  system  in  cooperation  with  the 
National  Cancer  Institute  of  Canada  and  nine  existing  provincial  tumour  registries. 
Statistics  Canada  also  operates  a renal  failure  register  in  cooperation  with  the 
Kidney  Foundation  of  Canada  and  Health  and  Welfare  Canada.  Its  purpose  is  to  regis- 
ter and  follow  all  patients  reguiring  artificial  kidney  treatment  (chronic  perito- 
neal or  hemodialysis)  or  receiving  kidney  transplants  since  1973. 

Other  data  gre  derived  from  notifications  which  physicians  are  reguired  by  law 
to  make  to  public  health  authorities.  These  include  venereal  diseases,  strepto- 
coccal sore  throat  and  scarlet  fever,  measles,  rubella,  hepatitis,  tuberculosis, 
whooping  cough  and  several  others.  Thus,  additional  information  is  available  on  the 
incidence  and  treatment  of  these  diseases,  although  it  has  been  estimated  that  the 
number  of  cases  of  venereal  disease  my  be  subject  to  significant  underreporting. 

In  addition  to  these  ongoing  programs,  health  statistics  may  also  be  obtained 
through  special  surveys  conducted  from  time  to  time.  The  Nutrition  Canada  survey 
conducted  during  the  period  1970-1972,  for  example,  was  designed  to  assess  the  nu- 
tritional status  of  the  Canadian  population  by  means  of  personal  interviews  with 
over  22,000  individuals  selected  from  all  parts  of  Canada.  This  survey  provided 
data  on  food  consumption  patterns  and  corresponding  nutrient  intake  (Health  and 
Welfare  Canada  1975;  1976;  Myers  and  Kroetsch  1978)  as  well  as  descriptive  informa- 
tion and  dental  health  (Health  and  Welfare  Canada  1977a)  and  height,  weight  and 
other  body  dimensions  (Health  and  Welfare  Canada  1980a).  Similarly,  the  Canada 
Health  Survey  conducted  during  1978-1979  provided  information  on  the  general  health 
status  of  the  Canadian  population  (Health  and  Welfare  Canada  and  Statistics  Canada 
1981). 
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2.6  SUMMARY 

We  have  attempted  to  present  an  overview  of  the  currently  available  techniques 
for  the  identification  and  measurement  of  environmental  health  risks.  Initially,  we 
saw  that  the  concept  of  risk  involves  two  basic  components,  namely  the  loss  or 
hazard  associated  with  the  occurrence  of  a particular  event  and  the  probability  of 
occurrence  of  that  event.  More  formally,  risk  analysis  involving  the  identification 
of  all  possible  risk  scenarios  and  the  construction  of  risk  curves  based  on  the 
cumulative  distribution  of  hazardous  events  may  be  carried  out.  Difficulties  in 
this  risk  analysis  process  can  arise  when  attempts  are  made  to  summarize  the  risk 
curve  using  a single  measure  of  risk  such  as  the  expected  loss  or  in  combining 
noncommensurate  risks  such  as  loss  of  property  and  loss  of  life.  In  the  simplest 
case  in  which  only  one  adverse  effect  may  occur,  however,  the  concepts  of  risk  and 
probability  are  effectively  equivalent. 

The  major  approaches  to  health  risk  identification  include vdi^ect^ observation 
of  adverse  effects  in  man,  epidemiological  studies  of  human  populations,  toxicolo- 
gical experiments  using  animal  models  for  man  and  indirect  analytical  tests  using 
recently  developed  _in  vitro  and  Jii  vivo  test  systems.  While  isolated  observations 
of  adverse  health  effects  can  often  provide  useful  indications  as  to  the  existence 
of  an  unsuspected  environmental  health  risk,  careful  epidemiological  investigation 
'involving  comparison  between  exposed  and  unexposed  populations  are  required  in  order 
to  establish  clearly  the  nature  of  the  potential  problem  at  hand.  In  order  that 
health  risk  analysis  may  be  conducted  prior  to  human  exposure,  however,  a battery  of 
toxicological  tests  is  generally  applied  to  new  environmental  chemicals  or  other 
risk  factors  in  an  attempt  to  predict  potential  human  health  problems  in  advance. 
Because  of  the  time  and  expense  involved  in  conducting  such  tests,  considerable 
effort  has  recently  been  devoted  to  the  development  of  a number  of  rapid  less- 
expensive  short-term  tests  using  various  _in  vitro  and  _ui  vivo  procedures.  In  the 
case  of  carcinogenesis,  for  example,  particular  tests  have  been  devised  to  identify 
certain  critical  events  such  as  mutations  which  are  thought  to  be  necessary  stages 
in  the  development  of  cancer. 

While  epidemiological  studies  apply  directly  to  man,  they  can  be  subject  to 
certain  biases  as  well  as  the  confounding  effects  of  unidentified  risk  factors 
present  in  the  environment.  While  such  effects  can  be  more  stringently  controlled 
in  toxicological  experiments  conducted  in  a controlled  laboratory  setting,  the  use 
of  toxicological  data  for  purposes  of  human  risk  assessment  presents  the  difficult 
problem  of  trans-species  extrapolation.  Both  approaches  can  provide  quantitative 
estimates  of  human  health  risk,  although  the  use  of  toxicological  data  for  this 
purpose  is  generally  subject  to  the  further  uncertainties  involved  in  extrapolating 
from  high  experimental  doses  to  lower  human  exposure  levels. 

Finally,  we  noted  that  Canadian  health  system  statistics  can  be  used  to  obtain 
valuable  information  in  the  health  status  of  the  Canada  population.  While  the  major 
use  of  this  data  base  has  been  in  the  area  of  vital  statistics  (Health  and  Welfare 
Canada  1977b;  1980b;  Health  and  Welfare  Canada  and  Statistics  Canada  1980)  this 
source  of  information  offers  the  potential  for  more  analytical  studies  relating 
adverse  health  effects  to  possible  causative  factors  through  the  use  of  record- 
linkage  studies  (Smith  and  Newcombe  1980;  Smith  1982). 
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CHAPTER  3 

A RISK  PROFILE  FOR  CANADA 

D.R.  Miller  and  J.M.  Ridgeway 
National  Research  Council,  Ottawa,  Ontario 


3.1  INTRODUCTION 

To  what  risks  are  Canadians  exposed?  This  chapter  presents  some  information 
about  this  question,  including: 

1 . whether  and  to  what  extent  our  risk  profile  is  different 
from  that  of  other  countries; 

2.  the  sense  in  which  it  is  different  in  different  parts  of 
the  country,  or  between  rural  and  urban  areas;  and, 

3.  whether  highly  visible  sources  of  danger,  such  as  large- 
scale  transportation  accidents  or  natural  disasters,  really 
contribute  as  much  to  our  overall  risk  profile  as  we  might 
think. 

Finally,  we  include  some  figures  and  comments  about  controllable  and  uncon- 
trollable risks  and  how  they  compare. 

Summarizing  the  discussions  that  follow,  most  assumptions  about  high  varia- 
bility of  risks,  on  geographic  or  other  grounds,  are  not  justified,  except  for 
strictly  voluntary  activities,  such  as  high-risk  sports  or  smoking.  Publicized 
kinds  of  risk  such  as  commercial  airplane  crashes  are  in  fact  quite  unimportant  as 
likely  causes  of  early  termination  of  life.  Differences  from  other  countries  having 
roughly  the  same  lifestyle  are  interesting,  but  in  general  small;  regional  diffe- 
rences are  less  dramatic  than  would  be  expected;  urban-rural  similarities  are  more 
notable  than  differences;  and  in  general  many  of  us  could  quite  easily  choose  to 
live  a much  more  risk-free  life  than  we  do. 

A word  about  methodology  is  in  order.  We  have  measured  risk  solely  in  terms 
of  deaths,  simply  because  definitive  information  is  more  easily  available  for  this 
measure  than  for  any  other.  It  is  clear  that  years  of  potential  life  loss,  or  some 
such  indicator,  would  be  a better  overall  measure. 

Several  Federal  Government  Departments,  most  notably  Health  and  Welfare  and 
Statistics  Canada,  have  accumulated  vast  quantities  of  statistical  information  on 
the  causes  of  death  of  Canadians,  and  many  publications  are  available  in  which 
thoughtful  and  statistically  sound  analyses  are  presented  relating  changes  and 
differences  to  a variety  of  social,  economic  and  other  factors.  The  same  is  true 
for  many  provincial  and  private  organizations.  In  this  Chapter  we  do  not  mean  to 
suggest  that  a simple  summary  of  all  this  information  is  possible,  and  readers  are 
encouraged  to  consult  original  documents  for  details  of  assumptions  involved  and 
methodologies  used.  Here,  we  are  seeking  only  to  provide  in  broad  outline  such 
information  as  is  needed  in  order  for  the  rest  of  this  book  to  be  viewed  in  proper 
perspective.  The  point  we  wish  to  make  is  simply  that  the  perception  of  various 
risks  most  of  us  hold  is  rather  out  of  line  with  recorded  history;  our  figures  will 
describe  only  the  main  features  of  the  discrepancies,  and  in  many  cases  will  be 
allowed  to  speak  for  themselves. 


3.2  COMPARISON  WITH  OTHER  COUNTRIES 

The  observation  that  there  are  considerable  differences  between  industrialized 
and  developing  countries  has  been  made  and  documented  many  times  (see,  for  example, 
the  United  Nations  Demographic  Yearbook,  any  year)  and  will  not  be  repeated  here. 
Instead,  Table  3.1  presents  a comparison  of  risks  to  Canadians,  as  causes  of  death 
on  a national  basis  corrected  for  age  by  standard  procedures,  compared  to  causes  of 
death  in  five  other  countries  with  comparable  levels  of  industrialization  and 
lifestyle,  namely,  the  United  States,  England  and  Wales,  New  Zealand,  France  and  the 
Federal  Republic  of  Germany. 


Table  3.1  Causes  of  death  in  six  countries 
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In  general  the  Canadian  risk  profile  is  quite  comparable  in  most  categories  to 
the  other  countries  included.  Death  rates  in  most  categories,  and  in  total,  are 
lower  in  Canada  than  in  any  other  country.  The  only  exception  is  suicide;  in  that 
case  Canadian  deaths  are  more  numerous  than  in  the  other  three  English-speaking 
countries  listed  in  the  table.  One  difference  is  more  pronounced,  namely,  reported 
death  rates  for  cirrhosis  of  the  liver,  but  this  is  almost  certainly  due  to  diffe- 
rences in  reporting  procedures.  The  general  conclusion  is  that  the  pattern  of 
risks,  at  least  by  causes  of  death,  is  quite  similar  in  most  categories  examined. 


3.3  TIME  TRENDS  IN  CANADIAN  DATA 

Rates  of  death  associated  with  particular  causes  changed  dramatically  in  times 
past.  Changes  in  general  sanitation  levels,  infant  care  and  so  forth  made  great 
differences  during  the  nineteenth  century  and  the  control  of  many  infectious 
diseases  produced  large  differences  between  the  beginning  and  the  middle  of  the 
twentieth. 

In  terms  of  one  or  two  decades,  however,  the  changes  are  not  at  all  great. 
Table  3.2  shows  the  major  causes  of  death  for  all  Canadians  at  five-year  intervals 
from  1932  to  1972  and,  although  there  are  noticeable  changes,  the  overall  pattern 
has  been  remarkably  stable.  Indeed,  the  figures  must  be  examined  with  some  care, 
for  the  death  rate  in  general  has  noticeably  decreased  (by  13%  for  males,  31%  for 
females)  within  the  period  covered.  For  this  reason  a final  column  has  been  inclu- 
ded, giving  the  ratio  of  the  death  rate  in  1972  to  that  in  1952,  corrected  for  over- 
all death  rates.  A figure  of  1.0  indicates  that  a cause  of  death  is  just  as  impor- 
tant, relatively,  as  it  was  two  decades  ago.  This  has  the  effect  of  magnifying 
genuine  changes  in  relative  risk  while  suppressing  those  which  are  no  greater  than 
the  overall  changes. 

Sharp  decreases  or  increases  are  few.  Decreases  are  noteworthy  in  tuber- 
culosis (see  comment  above)  and  diseases  of  the  prostate  as  well  as  nephritis  and 
nephrosis.  Increases  are  most  notable  in  lung  cancer  (both  sexes),  suicides 
(females)  and  cirrhosis  (both  sexes).  The  major  causes,  namely  cardiovascular-renal 
disease  and  cancer,  are  relatively  unchanged  in  importance  although  significant 
absolute  decreases  have  occurred  in  this  time  period. 

One  inference  we  might  like  to  make  is  not  available,  and  that  concerns  envi- 
ronmental chemicals.  During  the  period  1952-1972,  an  enormous  number  of  new  chemi- 
cals have  been  brought  into  general  use,  and  we  are  now  exposed  to  low  but  detect- 
able levels  of  a vast  array  of  artificial  substances  to  which  nothing  in  our  evolu- 
tionary history  has  given  us  the  chance  to  develop  resistance.  It  would  be  conven- 
ient to  conclude  that  since  death  patterns  in  general  have  failed  to  change  in  this 
period,  we  must  be  surviving  this  new  kind  of  multiple  exposure  quite  well.  Unfor- 
tunately, for  those  relatively  few  such  substances  which  we  think  we  are  beginning 
to  understand,  there  is  a latent  period  of  some  years,  perhaps  two  or  three  decades, 
before  provable  onset  of  ailments.  Thus,  we  are  just  now  at  the  point  at  which 
noticeable  changes  should  begin  to  occur  if  they  are  going  to;  epidemiology  will  be 
an  exciting  research  topic  for  the  next  few  years. 


3.4  REGIONAL  DIFFERENCES  WITHIN  CANADA 

The  most  readily  available  division  of  Canada  by  geographical  location  is,  of 
course,  by  province  and  territory,  and  this  classification  is  used  in  Table  3.3, 
which  lists  the  actual  probabilities  that  life  will  be  terminated  by  each  of  the 
listed  causes. 

Examination  of  this  table  reveals  certain  differences,  such  as  higher  rates  of 
cardiovascular-renal  disease  in  the  Maritimes,  but  much  more  indicates  that  geogra- 
phical differences  are  not  great.  Exceptions  to  this  are  the  higher  rates  of  acci- 
dental death  and  lower  incidence  of  heart  disease  in  the  Nortwest  Territories  and 
the  Yukon.  It  should  be  remembered,  however,  that  the  total  numbers  involved  are 
small  (the  total  number  of  accidental  deaths  in  the  Yukon,  in  1977,  was  27).  Gene- 
rally, a visual  presentation  of  comparative  risks  as  in  a pie-diagram,  for  example, 
would  be  hard  to  distinguish  for  the  various  parts  of  the  country. 


Table  3.2  Standardized  death  rates  by  selected  causes  and  sex,  Canada 
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Table  3.3  Percentage  distribution  of  death,  by  selected  causes,  1972,  for  Canada  and  provinces/territories  (both  sexes) 
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These  comments  turn  out  to  be  slightly  less  true  with  regard  to  urbanization. 
In  Table  3.4  we  present  standardized  death  rates  by  "size  group  of  residence",  pla- 
cing community  size  in  one  of  six  categories.  There  are  definite  differences,  but 
again  similarities  are  also  striking. 

Neoplasms  of  all  sorts  are  higher  in  the  largest  cities.  Accidents  are  almost 
twice  as  high  as  in  rural  areas,  not  surprising  when  we  recall  that  agriculture  is  a 
relatively  dangerous  occupation.  Higher  rates  of  arteriosclerotic  and  degenerative 
heart  disease  in  larger  cities  are  also  not  surprising.  The  most  notable  observa- 
tion is  that  small  towns  (Columns  2,  3 and  4)  are  characterized  by  higher  rates  than 
either  rural  areas  or  larger  cities,  in  quite  a number  of  categories;  in  fact  the 
only  categories  in  which  these  rates  are  lower  than  the  national  average  by  more 
than  a single  point  are  intestinal/rectal  cancer  and  arteriosclerotic  and  degenera- 
tive heart  disease.  It  would  be  interesting  to  investigate  whether  there  are 
special  features  of  these  communities  contributing  to  higher  rates. 


3.3  ACCIDENTAL  DEATHS 

Although  Tables  3.2  and  3.3  show  that  most  deaths  (almost  exactly  90?i  in  fact) 
are  due  to  familiar  medical  disorders,  deaths  involving  violence  continue  to  occupy 
much  attention,  certainly  by  the  national  press.  It  is,  therefore,  worth  looking 
more  closely  at  the  breakdown  of  such  numbers  as  are  available.  (Here  and  for  the 
balance  of  the  chapter  Canada  is  considered  as  a whole.)  This  is  done  in  Table  3.5, 
which  gives  actual  numbers  in  addition  to  rates,  since  participation  in  various 
activities  associated  with  violent  death  is  strongly  age-dependent;  stratified  data 
of  this  type  are  not  generally  available.  The  table  has  been  constructed  to  dis- 
tinguish, where  possible,  between  commercial  and  domestic  situations;  where  such  a 
distinction  is  possible  the  figures  clearly  indicate  that  commercial  activities  are 
not  as  dangerous  as  private  ones.  For  example,  a Canadian  is  almost  eight  times 
more  at  risk  in  a private  aircraft  than  in  a commercial  one,  even  though  passenger- 
kilometres  travelled  or  hours  of  exposure  for  most  Canadians  are  predominantly 
commercial. 

A similar  observation  may  be  made  for  boats;  small  is  not  beautiful  where 
causes  of  death  are  concerned.  Death  by  fire  shows  the  same  pattern;  most  occur  in 
private  dwellings  rather  than  in  institutions,  dance  halls  and  so  forth,  although  it 
is  the  latter  that  receive  the  bulk  of  the  publicity. 


3.6  CONTROLLABLE  ACTIVITIES 

Canadians  tend  to  be  relatively  unconcerned  about  diseases,  particularly  dege- 
nerative ailments;  presumably  this  is  simply  because  in  the  short  term  we  can  do 
little  about  them.  Furthermore,  we  perceive  that  governments  also  are  unable  to 
control  their  effects.  On  the  other  hand,  governmental  actions  certainly  can 
influence  the  dangers  we  actually  face  from  natural  disasters  of  various  sorts, 
potential  occupational  or  environmental  exposures  to  various  hazards,  and 
especially,  the1  possibility  of  accidents  involving  public  transportation  and  the 
like.  Similarly  our  personal  choices  of  high-risk  sporting  activities  or  other 
dangers,  such  as  smoking  or  drinking,  are  in  principle  controllable  and,  therefore, 
in  quite  a different  category  from  what  we  generally  perceive  as  inevitable 
components  of  the  aging  process.  For  this  reason,  we  should  examine  separately  the 
class  of  all  exposures  we  would  call  controllable,  either  by  personal  choice  or 
government  action,  excluding  the  possibility  that  some  medical  discovery  will 
suddenly  wipe  out  an  important  category  in  the  causes  of  death  (after  all,  the 
distribution  has  not  changed  very  much  in  recent  decades). 

In  this  section  we  examine  four  sub-classes  of  such  dangers: 

(a)  those  associated  with  strictly  voluntary  activities  catego- 
rized as  recreation,  i.e.  high-risk  sports; 

(b)  high-risk  but  sedentary  activities,  i.e.  smoking  and 
hazardous  drinking; 

(c)  occupational  exposures  to  both  accidents  and  toxic  agents; 
and  more  generally, 
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Table  3.4  Age-sex  standardized  death  rates,  per  100,000  population  for  selected 
causes  of  death,  by  size  group  of  residence,  1970-1972 


Cause  of  death  Less  than 

2,300 

Size 

2,500- 

4,999 

group  of 
5,000- 
9,999 

residence 

10,000- 

29,999 

30,000- 

99,999 

100,000 
and  over 

all  size 
groups 

Tuberculosis, 
all  forms 

2.2 

3.0 

2.0 

1.8 

2.4 

2.1 

2.2 

Malignant 

neoplasms,  total 

121.1 

139.2 

126.7 

137.8 

141.5 

150.3 

138.2 

Stomach 

12.0 

13.6 

11.3 

11.7 

10.9 

11.1 

11.5 

Intestine  and 
rectum 

19.0 

20.9 

19.4 

22.2 

22.4 

23.0 

21.4 

Trachea,  bronchus 
and  lung 

18.0 

21.9 

21.8 

24.7 

25.3 

29.9 

24.7 

Breast 

10.5 

12.5 

12.6 

11.9 

11.7 

13.2 

12.2 

Uterus,  ovary, 
fallopian  tube 
and  broad 
'ligament 

16.1 

18.2 

14.5 

15.7 

17.4 

17.4 

16.8 

Prostate 

14.0 

17.0 

15.0 

15.8 

16.0 

15.9 

15.3 

Other  malignant 
neoplasms 

46.6 

52.7 

46.7 

51.6 

54.6 

56.4 

52.3 

Diabetes  mellitus 

13.0 

17.3 

14.9 

14.8 

15.4 

12.8 

13.3 

Major  cardio- 
vascular-renal 
diseases,  total 

314.8 

342.2 

346.6 

357.4 

359.3 

337.5 

333.4 

Vascular  lesions 
affecting  central 
nervous  system 

67.4 

74.2 

74.5 

75.7 

69.4 

63.7 

66.7 

Rheumatic  fever 
and  chronic 
rheumatic  heart 
disease 

5.3 

6.2 

5.1 

5.7 

6.5 

6.0 

5.8 

Arteriosclerotic 
and  degenerative 
heart  disease 

195.8 

207.8 

220.4 

226.2 

237.0 

226.2 

216.6 

Hypertensive 

disease  with  and 
without  heart 
involvement 

7.9 

10.8 

7.9 

8.8 

7.0 

6.0 

7.0 

Other  cardio- 
vascular-renal 
diseases 

38.5 

43.2 

38.6 

41.1 

39.4 

35.6 

37.4 

Influenza  and 
pneumonia 

28.2 

24.9 

25.9 

27.2 

26.3 

23.7 

25.5 

Cirrhosis  of 
liver 

5.6 

8.7 

9.0 

8.4 

10.4 

11.0 

9.0 

Certain  causes  of 
perinatal 
mortality 

975.0 

1037.0 

1028.0 

1066.0 

858.0 

800.0 

888.0 

Total  accidents 

75.2 

68.6 

53.9 

53.4 

45.6 

42.0 

53.7 

Motor  vehicle 
accidents 

37.1 

36.2 

25.8 

26.6 

21.6 

18.0 

25.1 

Other  accidents 

38.0 

32.4 

28.1 

26.8 

24.0 

24.0 

28.6 

Suicide 

10.9 

9.2 

9.3 

11.6 

9.3 

12.0 

11.3 

Other  causes  of 
death 

90.5 

98.4 

92.3 

95.1 

97.1 

88.3 

90.4 

Source:  Mortality  Differences  in  Canada;  Statistics  Canada,  Health  Division,  Vital 
Statistics  Section,  4-2302-300,  November  1976 


Table  3.5  Accidental  deaths  in  Canada,  1977 
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(d)  environmental  exposures  (other  than  the  workplace  environ- 
ment) to  ubiquitous  but  low-level  contaminants  such  as 
pesticide  residues,  atmospheric  pollutants  and  the  like. 


(a)  HIGH  RISK  SPORTS 

There  is  a general  perception  that  some  sports  involve  a definite  risk  to  life 
and  limb,  and  that  this  risk  is  in  fact  one  of  the  rewards  of  participation.  Acti- 
vities such  as  hang-gliding  or  sport  parachuting  are  generally  thought  to  involve  a 
high  danger  element.  Is  it  really  true? 

In  Table  3.6  we  have  listed  figures  compiled  from  a variety  of  sources  concer- 
ning risk  of  death  due  to  participation  in  various  sports.  It  should  be  admitted 
that  uncertainties  are  likely  to  be  large,  and  of  course,  for  each  sport  we  attempt 
only  to  describe  the  risk  of  an  average  participant;  those  who  are  beginners,  or 
make  a habit  of  participating  without  supervision,  for  example,  obviously  elevate 
their  own  risk  even  more,  but  in  general  data  concerning  such  cases  are  simply  not 
available. 

Although  Table  3.6  appears  to  show  that  different  sports  involve  risks  at  very 
different  levels  (although  uncertainties  make  adjacent  entries  virtually  indis- 
tinguishable), it  is  necessary  somehow  to  put  this  material  into  perspective  by 
comparing  it  to  other  risks.  This  we  do  by  examining  general  mortality  levels  by 
age  and  due  to  other  causes. 


Table  3.6  Mortality  in  high-risk  sports 


Activity 

No.  active 
(estimate) 

Deaths/yr 

(1970-1979) 

Mortality/yr 

percent 

Mortality 

100,000/yr 

Air  racing  (pylons) 

89 

1.4 

1.6 

1570 

Amateur  home-built  aircraft 

2300 

23.0 

1.0 

1000 

In-flight  aerobatics 

200 

>1.8 

0.90 

900 

Mountaineering  (Canada) 

5000 

10.0 

0.20 

200 

Hang-gliding 

30,000 

60.0 

0.20 

200 

Sport  parachuting  (U.S.A.) 

25,000 

44.0 

0.18 

176 

Scuba  diving  (Canada) 

6428 

11.0 

0.17 

171 

Hot  air  ballooning 

2000 

3.0 

0.15 

150 

Horse  racing  (thoroughbred) 

2000 

3.0 

0.15 

150 

Bobsledding 

100 

0.1 

0.10 

100 

Sprint  car  racing 

8500 

8.2 

0.097 

96.5 

Aerial  acrobatics 

300 

0.2 

0.067 

66.7 

Glider  flying 

12,500 

7.4 

0.059 

59.2 

Formula  racing 

5000 

2.0 

0.040 

40.0 

Stock  car  racing 

25,700 

10.3 

0.040 

40.0 

Midget  racing 

5800 

2.2 

0.038 

38.0 

Sport  parachuting  (Canada) 

5200 

1.5 

0.029 

29.0 

Sports  car  racing 

11,000 

3.1 

0.028 

28.0 

Scuba  diving  (U.S.A.) 

470,000 

121.0 

0.026 

25.7 

Power  boat  racing 

5300 

1.0 

0.019 

18.9 

Motorcycle  racing 

124,000 

17.5 

0.014 

14.0 

Boxing 

5750 

0.5 

0.009 

8.7 

Drag,  car  racing 

145,000 

8.2 

0.006 

5.7 

Iceboating 

5000 

0.2 

0.004 

4.0 

Bicycle  racing 

10,000 

0.1 

0.001 

1.0 

Football 

2,041,500 

17.7 

0.0009 

0.9 

Data  from  various  sources,  compiled  with  the  help  of  the  Sports  Federation  of  Canada 
and  the  American  Special  Risk  Association.  Figures  may  not  be  comparable  because  of 
differences  in  reporting  procedures. 
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Life  itself  is  a risky  business.  The  average  numbers  of  deaths  per  100,000 
population  per  year  (the  standard  unit  used  by  epidemiologists)  are  836  (male)  and 
603  (female)  if  all  causes  are  taken  together  on  a non-age-corrected  basis. 
Actually,  it  is  unwise  to  report  the  figures  in  this  way,  since  death  expectancy 
from  all  causes  is  so  strongly  age-dependent.  The  relationships  to  age  and  sex  are 
given  in  Table  3.7  and  it  can  be  seen  that  risk  of  dying  is  strongly  dependent  on 
both  factors.  The  table  includes  figures  from  which  deaths  due  to  accidents, 
poisonings  and  violence  have  been  excluded  for  comparison.  It  is,  by  the  way, 
immediately  observable  that  one  of  the  most  dangerous  things  one  can  do  is  to  be 
born  male.  Even  at  ages  when  sex  differences  are  not  manifest,  and  even  when 
accidental  deaths  are  excluded,  male  risks  are  significantly  higher  at  almost  all 
ages. 


Finally,  we  have  prepared  Fig.  3.1.  The  mortality  due  to  all  causes  by  age 
and  sex  is  plotted  on  the  left-hand  axis,  while  on  the  right-hand  axis  we  have  in- 
cluded the  estimates  of  what  additional  risk  one  assumes  by  choosing  to  indulge  in  a 
particular  sporting  activity.  We  emphasize  that  the  right-hand  entries  are  marginal 
risks,  i.e.  additional  risks  above  average  levels,  that  one  assumes  by  choosing  to 
participate  in  the  specified  activity. 


Fig.  3.1  Average  mortality  from  all  causes  by  age  and  sex  (Canada,  1977)  compared 
to  increase  in  mortality  risk  due  to  selected  voluntary  activities. 
(Data  from  various  sources  compiled  by  Biomathematics  Group,  National 
Research  Council  of  Canada. ) 


Table  3.7  Deaths  and  death  rates  by  age  and  sex,  Canada 


A RISK  PROFILE  FOR  CANADA 


33 


1 

Os  r— 

<3 

CM  1 Os 

SO 

<3 

o 

A 

CD 

O 

00 

A 

NO 

00 

SO 

<3 

SO 

r-  pa 

CM 

<3 

00 

<3 

LA 

o 

CM 

A 

LA 

<3 

A 

Os 

00 

u_ 

o 

CM 

<3 

SO 

Os 

lA 

A 

<3 

Vs 

Vs 

r— 

r— 

CM 

<3 

A 

<3 

c 

cd 

o 

4-> 

co 

cc 

o 

o A 

LA 

CM 

Os 

Os  CD 

O 

SO 

o 

SO 

CM 

□ 

O CM 

<3 

CD 

o A 

CM 

CM 

tA 

tA 

LA 

r— 

IA 

<3 

00 

00 

Os 

A- 

CM 

00 

A 

in 

X 

a 

r— 

CM 

<3 

A 

CM 

O 

r— 

Os 

A 

T— 

A 

Vs 

Vs 

Vs 

Vs 

CO 

TT- 

r— 

CM 

A <3 

A 

T“ 

00 

CD 

T” 

•H 

u 

■*-> 

CO 

CD 

CD  so 

CM  Q\ 

CM 

<3 

Os 

LA 

LA 

<3 

A 

*— 

<3 

00 

CM 

A 

CM 

A 

CD 

0 4-> 

Os  O 

a 

PA 

ON 

SO 

A 

o 

00 

r- 

A 

00 

<3 

A 

00 

c 

u_ 

CD  CM 

r— 

T— 

CM 

CM 

IA 

LA 

Os 

so 

<3 

O’ 

SC 

r— 

A 

O O 

00 

Vk 

Vs 

CD 

to 

r— 

* — 

CM 

PA 

<3 

NO 

A 

Os 

o 

A 

CO 

O JC 

CO 

■ri 

CD 

> 

CO 

CO 

1 

(D 

C -O 

r-  CM 

so 

VO  A A 

IA 

rA 

CM 

<3 

A 

O 

CM 

CM 

SO 

SO 

PA 

<3 

o 

n 

CM  A 

Os 

so  SO 

A 

Os 

CM 

CM 

A 

A 

A 

r- 

SO 

PA 

Os 

O 

CM 

Os 

7 

s; 

<3  CM 

CM 

A 

IA 

LA 

00 

<r 

CO 

SO 

lA 

A 

LA 

Os 

■O 

c 

CM 

r— 

CM 

<r 

SO 

Os 

T— 

CM 

r— 

Os 

O 

CO 

T— 

T_ 

CO 

o 

■H 

4J 

CO 

C-i 

>> 

CO 

A 

CD  CD 

Os 

so 

CM 

CM 

SO 

CM 

PA 

CM 

O 

A 

SO 

<3 

Os 

<3  A 

<3 

CM 

4J 

n 

T — LA 

CM 

CM 

A 

LA 

LA 

A 

T“* 

00 

o 

<3 

A 

CM 

o 

A 

A 

in 

o 

b_ 

r— 

T— 

A 

<3 

SO 

O 

SO 

SO  CM 

A 

00 

o 

vs 

CM  <3 

A 

<J- 

CO 

CD  O 

1 

o 

CD 

> 

ce  \ 

CO 

a a 

SO 

SO 

Os 

CM 

NO 

CD 

O 

CM 

A 

<r 

•cl- 

<3 

00 

SO 

PA 

JC 

<3  so 

<3 

<3 

<3 

CD 

LA 

lA 

CM 

LA 

Os 

Os 

o 

Os 

SO 

<3 

00 

CO 

c 

i 

4-> 

X 

a 

T— 

T— 

T— 

CM 

IA 

A 

00 

A 

CM 

CM 

O A 

A 

CO 

o 

CO 

vs 

Vs 

CD 

r— 

T— 

CM 

A 

A 

A 

T— 

00 

CO 

-O 

r— 

> 

o 

i 

SI 

4J 

SO  Os 

O 

A <3 

CM 

SO 

o o 

OS 

CO 

A 

00 

CO 

CM 

SO 

NO 

LA 

i 

SO  CD 

SO 

CO 

O 

A 

A 

CM 

A 

IA 

A 

A 

A 

SO 

Os 

<3 

<3 

ON 

LA 

CO 

CO 

Li_ 

Os  A 

CM 

CM 

SO 

A 

LA 

SO 

A 

00 

A 

A 

00 

A 

Os 

CM 

CM 

CM 

CD 

CD 

□: 

i m 

CO 

CM 

PA 

<3-  SO 

A 

Os 

o 

SO 

i jc 

3 

CO 

CO 

i ro 

o 

33 

| CD 

CO 

1 o 

Os  A 

CM 

SO  o 

rA 

CO 

<3 

CM 

A 

A 

SO 

<t 

<r 

A 

A 

A 

00 

c 

| 

o a 

<3 

so 

a 

A 

fA 

O 

Os 

OS 

LA 

A 

SO 

A 

SO  A 

CO 

1 

CO 

s: 

A <3 

<3 

<3 

A- 

O 

lA 

IA 

LA 

o <3 

A 

r — 

SO  A A 

A 

A 

A 

c_> 

jj 

II 

CM 

r— 

CM 

T— 

T— 

r— 

CM 

A 

A 

A 

ON 

r— 

CM 

r— 

Os 

r— 

CO 

|| 

T— 

r— 

t— 

o 

II 

•H 

II 

4-J 

II 

CO 

II 

■H 

II 

4-J 

II 

CO 

if 

4J 

|| 

o 

CO 

It 

o 

os  a 

a 

o 

lA 

SO  Os 

On 

lA  On 

Os 

SO 

LA 

NO 

00 

Os  O 

PA 

|| 

o 

|| 

Ll. 

LfS  <3 

<3  Os 

ON 

CD 

O 

IA 

Os 

CM 

CM 

LA 

A 

A 

A 

O 

Os 

A 

C 

a a 

o 

a 

LA 

OS 

O so 

A 

CM 

CM 

CM 

LA 

A- 

Os 

O 

<3 

O 

A 

II  O 

X 

t-  so 

OS 

o 

T— 

O 

o 

CO 

SO 

SO  SO 

SO 

LA 

<3  A 

A 

CM 

Os  Os 

II  H 

r— 

A 

II  -l-> 

a 

Os 

II  ro 

a 

ii 

Os 

JC 

II  3 

-LJ 

A 

II  CL 

a <3 

Os 

fA 

A 

SO 

<3- 

00 

SO 

A 

lA 

O 

Os 

on 

Os 

CO 

i— 1 

II  O 

CO 

CD 

3 

II  D- 

33 

s: 

SO  CD 

o 

o 

Os 

<3 

o 

LA 

Os 

A 

LA 

PA 

A 

A 

LA 

LA 

Os 

33 

A 

II 

CO 

CD  O 

A 

A 

Os 

O 

00 

Os 

A 

A 

ON 

A 

A 

<3 

lA 

CO 

A 

II 

c 

r-  a 

OS 

CM 

O 

o 

CD 

SO 

SO 

SO 

LA 

LA 

<3 

A 

CM 

<4- 

II 

CO 

o 

A 

II 

o 

O 

II 

CO 

CM 

II 

CD 

1 

II 

CO 

<3 

It 

3 

CO 

II 

CO 

II 

C_) 

CD 

II 

3 

II 

<3 

OS 

<3 

OS 

<3 

Os 

<3 

Os 

<3 

OS 

<t 

On 

<r 

Os 

<3 

ON 

3 

C31 

II 

CM 

CM 

IA 

IA 

<3 

<3 

LA 

LA 

SO 

sO 

A 

CD 

O 

II 

CD 

+ 

O 

II 

Dl 

V 1 

1 

1 

1 

1 

1 

1 

1 

i 

A 

1-4 

CO 

II 

C 

00 

3 

4-> 

II 

A 

o 

A 

O 

lA 

O 

LA 

O 

A 

o 

LA 

o 

A 

O 

LA 

o 

O 

CO 

II 

CM 

CM 

rA 

IA 

<3 

<1- 

LA 

LA 

SO 

SO 

A 

r- 

00 

CD 

O 

36 


MILLER  AND  RIDGEWAY 


(b)  SMOKING  AND  HAZARDOUS  DRINKING 

A hazardous  activity  may  be  regarded  as  equivalent  to  voluntarily  placing  one- 
self at  the  same  risk  level  as  someone  noticeably  older.  Ihis  approach  has  been 
used  by  the  Health  Promotion  Directorate,  Health  and  Welfare  Canada,  to  illustrate 
the  effects  of  smoking  and  drinking.  Alternatively,  we  can  quote  a summary  of 
deaths  attributable  to  such  causes  over  the  ages  of  1 to  70,  also  prepared  by  that 
group^.  For  smoking,  the  numbers  of  deaths  per  year  were  estimated  at  21,860 
(males)  and  7374  (females),  based  on  1974  figures.  If  we  ignore  the  differences  in 
populations  between  then  and  1977,  this  leads  to  a mortality  rate  per  100,000  per 
year  of  189  for  males  and  65  for  females,  as  an  average  for  the  entire  population. 
However,  the  decision  to  smoke  or  not  to  smoke  places  one  in  a different  risk  group, 
and  if  we  use  the  "currently  smoking"  populations  of  that  year  as  58%  of  males  and 
36%  females,  then  the  smoking  populations  must  be  taken  as  6,721,620  males  and 

4.213.000  females.  Ihe  rates  for  the  exposed  populations  are  then  325  (male)  and 
180  (female).  These  rates,  be  it  noted,  are  estimates  of  the  incremental  increase 
in  risk  that  must  be  accepted  as  a consequence  of  being  in  the  smoking  versus  the 
non-smoking  population. 

For  hazardous  drinking,  the  size  of  the  population  at  risk  is  more  difficult 
to  estimate,  the  number  of  deaths  attributable  to  it  is  about  half  of  that  for 
smoking.  The  population  at  risk,  however,  is  substantially  smaller.  About  45%  of 
Canadians  smoked  in  1974,  while  the  corresponding  figure  for  hazardous  drinking  in 
1973  was  about  7.1%  (sex  distribution  not  available).  On  a total  population  of 
23,291,100  this  gives  a population  at  risk  of  1,653,668;  and  a death  rate  of  10,598 
estimated  for  1974  yields  a mortality  rate  of  641  for  the  exposed  population,  per 

100.000  per  year.  Simply  put,  this  appears  to  mean  that  a heavy-drinking,  30-year 
old  man  voluntarily  shifts  his  risk  profile  to  that  of  a man  of  just  under  50.  We 
should  emphasize  again,  of  course,  that  there  are  serious  methodological  difficul- 
ties with  these  figures  and  they  must  be  taken  as  estimates  only. 


(c)  OCCUPATIONAL  RISKS 

Work-related  injuries  and  fatalities  have  been  studied  carefully  in  Canada, 
primarily  at  the  provincial  level,  and  the  experiences  of  the  various  provinces  turn 
out  about  the  same,  after  allowing  for  different  involvement  in  industries.  That 
is,  accident  rates  are  more  characteristic  of  the  industry  than  of  the  place 
(Occupational  Safety  and  Health  Branch,  Labour  Canada;  various  publications,  data 
not  shown ) . 

For  Canada  as  a whole  we  present  Table  3.8  showing  a ten-year  history  by  the 
major  occupational  groupings.  Note  that  the  rate  was  rather  constant  until  about 
1974,  since  which  time  a downward  trend  has  been  evident.  This  decrease  is  far 
faster  than  the  decrease  of  about  2.4%  per  year  based  on  a long-term  (40  years) 
study  (based  on  United  States  data;  H.  Newcombe,  pers.  comm.). 

The  ten-year  average  rate  for  the  entire  country  is  15.0  deaths  per  year  per 

100,000  workers.  This  mortality  figure  has  been  included  in  Fig.  3.1. 


(d)  ENVIRONMENTAL  HAZARDS2 

We  often  hear  that  unseen  chemicals  in  the  environment  are  responsible  for  a 
large  proportion  of  the  health  problems  of  industrialized  countries;  figures  like 
85%  of  all  cancers  plus  undetermined  levels  of  other  hazards  due  to  acid  rain,  heavy 
metals  and  organic  chemicals  of  all  kinds  are  frequently  quoted  not  only  by  the 
media  but  also  in  the  serious  scientific  literature. 

^Premature  Mortality  Attributable  to  Smoking  and  Hazardous  Drinking  in  Canada.  Long 

Range  Health  Planning  Branch,  Health  and  Welfare  Canada  (1977). 

2The  material  in  this  section  is  taken  largely  from  various  papers  from  the  Inter- 
national Agency  for  Research  on  Cancer  (IARC),  Lyon,  France.  See  for  example  3. 
Higginson,  "Environmental  Carcinogenesis"  Arch.  Geschwulstforschung,  50:498-505 
(1980),  or  "Importance  of  Environmental  and  Occupational  Factors  of  Cancer",  3.  Tox. 
Environ.  Health,  6:941-952  (1980). 
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For  cancer  in  particular,  although  we  are  as  yet  unable  to  prevent  or  cure 
many  forms,  a great  deal  is  known  about  causative  or  associated  agents,  more  than  is 
generally  realized.  And  whether  these  factors  are  to  be  identified  as  "environ- 
mental" depends  largely  on  our  definitions.  Higginson  points  out  that  some  85%  of 
lung  cancers  are  caused  by  smoking,  so  that  in  industrialized  countries  some  30%  of 
all  cancers  are  caused  by  this  factor  alone  (data  for  males).  Another  5%  are  caused 
by  combinations  of  tobacco  and  alcohol  (tumours  of  mouth,  esophagus  and  liver)  and 
10%  by  sunlight  (skin).  Occupational,  medical  and  congenital  cancers  account  for 
10%  more,  so  that  some  55%  are  quite  well  understood  in  terms  of  statistical  rela- 
tionships with  causative  agents. 

The  remaining  cancers  fall  into  two  groups,  those  for  which  correlations  have 
not  been  established  with  particular  living  habits  and  those  for  which  such  correla- 
tions are  reasonably  well  established.  An  interesting  observation  about  the  former 
is  that  they  generally  show  only  modest  variations  with  geography  (and  are  therefore 
the  least  likely  to  be  caused  by  industrial  chemicals).  These  account  for  about  15% 
of  all  cancers. 

In  those  cases  where  the  abundant  amount  of  epidemiological  data  that  has  been 
collected  does  show  significant  correlations  with  some  aspect  or  other  of  life- 
style, the  identified  factors  are  not  sufficiently  precise  to  identify  causative 
mechanisms,  but  at  the  same  time  do  not  indicate  a correlation  with  indistrializa- 
tion  per  se.  Thus,  for  example,  uban-rural  differences  are  largely  suppressed  when 
groups  having  uniform  lifestyles  (such  as  Mormons)  are  studied.  In  the  United 
States,  in  spite  of  a longstanding  increase  in  industrialization,  total  cancer  inci- 
dence (with  the  exception  of  black  males)  has  not  been  increasing  provided  that 
cancer  rates  associated  with  tobacco  and  alcohol  are  excluded.  Japanese  immigrants 
to  the  United  States  experience  an  increase  in  cancer  of  the  breast  and  the  prostate 
gland,  but  this  does  not  occur  in  comparisons  between  more  and  less  industrialized 
areas  within  Japan  itself.  Even  occupational  cancers,  initially  thought  to  identify 
significant  high-risk  occupations  (based  on  studies  in  England  and  Wales)  show  that 
90%  of  the  differences  are  removed  if  care  is  taken  to  compare  individuals  of 
similar  "habits,  social  class  or  life-style". 

It  appears,  therefore,  that  only  a few  percent  of  observed  cancers  can  be 
attributed  to  the  generally  increased  levels  of  pollution  by  industrial  products 
observed  in  developed  countries,  and  it  may  be  none  at  all.  However,  this  does  not 
justify  complacency.  To  repeat  a comment  made  earlier  in  the  chapter,  those  few 
chemicals  for  which  we  now  are  beginning  to  understand  the  mechanisms  of  action  are 

found  to  have  latent  periods  that  may  be  measured  in  decades,  and  it  has  been  less 

than  three  decades  since  most  of  the  artificial  chemicals  now  in  common  use  were 
first  deployed  in  bulk. 

With  respect  to  direct  poisoning  by  substances  such  as  Cadmium,  Mercury  and 
Lead,  for  which  the  latent  period  may  be  somewhat  shorter,  we  find  that  significant 
epidemiological  information  is  already  available,  and  that  a good  deal  of  progress 
has  been  made  in  research  to  determine  not  only  the  mechanisms  of  action  of  these 
toxic  substances^  but  also  details  of  their  environmental  transport,  ultimate  fate 
and  so  on.  Most  important,  steps  have  been  taken  to  restrict  their  indiscriminate 
input  into  the  environment.  This  is  not  the  place  to  summarize  a large  body  of 
literature  on  such  matters,  but  two  observations  may  be  made.  One  is  that  the 

environmental  release  of  such  metals  will  increase  with  the  increased  consumption  of 
fossil  fuels;  and  the  other  is  that  large  research  efforts  are  being  devoted  to 

understanding  and  possibly  preventing  the  consequences.  Perhaps  this  is  one  problem 
we  will  be  prepared  to  deal  with  when  it  arises,  as  it  inevitably  will. 
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CHAPTER  4 

PERCEPTION  OF  RISKS  IN  CANADA 
Anne  Whyte  and  Ian  Burton 

Institute  for  Environmental  Studies,  University  of  Toronto,  Toronto,  Ontario 


4.1  THE  DESCRIPTION  OF  PREFERENCES 

People  perceive  risks  very  differently  than  predicted  by  models  of  rational 
choice  and  behaviour.  Almost  any  discussion  among  scientists  and  professional 
students  of  risk  is  brimming  with  anecdotes  about  persons  who  exhibit  excessive 
concern  about  some  presumably  small  or  insignificant  risk  while  choosing  to  ignore 
much  greater  risks  of  another  kind. 

At  the  outset,  we  should  admit  that  not  a great  deal  is  known  about  this 
subject.  Risk  perception  is  a result  of  the  interaction  of  a set  of  complex  varia- 
bles sometime  appearing  to  cancel  one  another,  sometimes  enhancing  mutual  effects  in 
catalytic  fashion.  But  these  interactions  are  not  well  enough  understood  to  allow 
the  formulation  of  a descriptive  model  that  would  predict  risk  perceptions. 

While  more  modest  in  its  achievements,  empirical  research  on  risk  perceptions 
clearly  demonstrates  that  people  do  not  choose  the  expected  value  or  outcome  which 
is  most  favourable.  In  laboratory  simulated  gambling  situations,  for  example, 
people  are  more  influenced  by  the  amount  of  a probable  loss  than  by  the  estimates  of 
overall  return  (Slovic  and  Lichtenstein  1968).  Similarly,  Kunreuther  (1976)  has 
reported  the  rejection  of  flood  insurance  in  areas  of  high  flood  frequency  and 
magnitude,  even  when  the  insurance  policies  are  made  financially  very  attractive 
through  government  subsidy. 

A series  of  experiments  on  the  perceived  frequency  of  lethal  events 
(Lichtenstein  et_  al.  1978)  showed  that  judgements  of  frequency  exhibit  highly  con- 
sistent but  systematic  biases.  Two  kinds  of  bias  were  identified.  There  is  a ten- 
dency to  overestimate  low  frequencies  and  to  underestimate  higher  frequencies  and 
there  is  a tendency  to  exaggerate  the  frequency  of  some  specific  risks  and  under- 
estimate the  frequency  of  others.  The  most  overestimated  frequencies  of  fatality 
included  death  from  botulism,  tornado,  flood,  pregnancy  and  smallpox  vaccination. 
The  most  underestimated  frequencies  of  fatality  included  heart  disease,  stroke, 
stomach  cancer,  diabetes  and  all  cancers.  The  authors  attributed  these  biases  to 
disproportionate  exposure  to  the  media  and  to  memorability  or  the  imaginability  of 
various  events.  These  factors  relate  more  to  associated  consequences  of  the  events 
than  to  the  probabilities  themselves. 

A major  reason  for  the  study  of  risk  perception  is  to  determine  a level  of 
acceptable  risk.  Concern  for  acceptability  of  risk  arises  from  the  fact  that  public 
decisions  that  involve  the  creation  of  new  risks  (e.g.  construction  of  nuclear  power 
stations,  introduction  of  a new  drug  or  chemical  pesticide)  sometimes  are  strongly 
opposed  by  groups  of  people  who  say  that  the  risks  are  unacceptable.  The  decisions 
may  then  have  to  be  reversed  sometimes  at  considerable  cost  and  inconvenience.  A 
rapidly  growing  literature  is  addressed  to  the  question  "How  safe  is  safe  enough?". 
See  for  example,  Schwing  and  Alberts  (1980),  Dowie  and  Lefrere  (1980)  and  Deirkes  et_ 
al.  (1980). 

Two  main  approaches  have  developed  towards  the  determination  of  acceptable 
levels  of  safety.  These  are  termed  revealed  preferences  and  expressed  preferences. 
The  distinction  corresponds  in  large  part  to  the  two  approaches  to  behavioural 
research  - asking  people  questions  and  thus  getting  them  to  express  verbally  what 
they  prefer,  and  observing  how  people  behave  and  taking  this  as  a measure  of  prefe- 
rence as  shown  or  needed  (Fig.  4.1). 

A major  exponent  of  the  revealed  preference  approach  has  been  Chauncy  Starr 
(1969)  whose  well-known  paper  is  based  on  the  assumption  that  through  a process  of 
trial  and  error,  society  has  arrived  at  a nearly  optimal,  and  certainly  acceptable, 
balance  between  the  risks  and  the  benefits  associated  with  any  activity.  One  may, 
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RISK  ASSESSMENT 


Fig.  4.1  Elements  in  risk  assessment 

therefore,  use  economic  risk  and  benefit  data  from  recent  years  to  reveal  patterns 
of  acceptable  risk-benefit  tradeoffs. 

From  his  analysis,  Starr  derived  what  might  be  called  a "law  of  acceptable 
risk".  This  stated  that: 

(a)  the  acceptability  of  a risk  is  roughly  proportional  to  the 
third  power  of  the  benefits; 

(b)  the  public  seems  willing  to  accept  risks  from  voluntary 
activities  (i.e.  hunting,  skiing,  smoking)  roughly  1,000 
times  greater  than  are  tolerated  from  involuntary  activi- 
ties (e.g.  electric  power,  additives  in  food,  motor  vehi- 
cles) that  provide  the  same  level  of  benefit; 

(c)  the  acceptable  level  of  the  risk  is  inversely  related  to 
the  number  of  persons  exposed;  and, 

(d)  the  level  of  risk  tolerated  for  voluntary  accepted  hazards 
is  guite  similar  to  the  level  of  risk  from  disease. 


The  results  of  Starr's  analysis  of  risk  and  benefits  as  revealed  are  shown  in 
Fig.  4.2. 


In  contrast  with  Starr's  approach,  Fischhoff  et_  jaK  (1976)  have  adopted  an 
expressed  preference  approach  in  which  respondents  evaluated  each  of  30  different 
activities  and  technologies  on  the  basis  of: 

(a)  its  perceived  benefit  to  society; 

(b)  its  perceived  risk; 

(c)  the  acceptability  of  its  level  of  risk;  and, 

(d)  its  position  on  each  of  nine  dimensions  of  risk. 

One  surprising  result  is  that  perceived  risks  declined  slightly  with  overall 
benefit  (Fig.  4.3).  In  other  words,  the  higher  risks  that  would  be  acceptable  with 
higher  benefits  according  to  the  Starr  revealed-preference  approach  do  not  appear  to 
exist  in  the  public  expression  of  risk  perception  as  measured  by  Fischhoff  et_  aK 
(1976).  Admittedly,  the  studies  differ  in  number  of  risks  examined;  in  the  latter 
study,  the  data  are  derived  from  a small  sample  of  only  76  members  of  the  Eugene, 
Oregon,  Chapter  of  the  League  of  Women  Voters.  It  is  clear,  however,  that  the 
results  are  affected  by  the  fact  that  contemporary  American  society  tolerates  a 
number  of  activities  that  participants  in  the  Eugene  study  rated  as  having  very  low 
benefit  and  very  high  risk  (e.g.  alcoholic  beverages,  handguns,  motorcycles, 
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AVERAGE  ANNUAL  BENEFIT/ PERSON  INVOLVED  (DOLLARS) 

Fig.  4.2  (taken  from  Starr  1969) 


PERCEIVED  BENEFIT 

Fig.  4.3  Relationship  between  perceived  risk  and  perceived  benefit 
Source:  Fischhoff  et  al.  (1976) 
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smoking)  as  well  as  a number  of  activities  perceived  to  have  great  benefit  and 
relatively  low  risk  (e.g.  prescription  antibiotics,  railroads,  vaccinations). 

This  illustrates  a major  problem  of  risk  perception;  that  the  study  method 
chosen  can  substantially  affect  the  results.  Revealed  preference  has  the  advantage 
of  dealing  with  public  behaviour  rather  than  with  attitudes.  Nevertheless,  it 
assumes  that  past  behaviour  is  a valid  indication  of  present  preferences.  The  rate 
of  technological  change,  however,  and  the  rapid  shift  in  societal  goals  means  that 
revealed  preference  is  not  necessarily  a good  guide  to  present  and  future  accepta- 
bility of  risk.  The  expressed  preference  approach  on  the  other  hand  is  highly  sus- 
ceptible to  the  formulation  and  wording  of  questions. 


4.2  HOW  DOES  RISK  PERCEPTION  DIFFER  FROM  RISK  ANALYSIS? 

Risk  analysis  is  a formal  method  for  determining  the  degree  of  risk.  It  is 
concerned  with  probability  of  an  event  occurring  and  with  its  impacts  or  conse- 
quences. This  requires  a modelling  of  the  "risk  system"  from  the  initiating  event 
or  cause  through  to  final  outcome  or  consequence.  Risk  analysis  so  conceived  is 
intended  to  be  a rational,  objective,  scientific  approach  that  consciously  seeks  to 
exclude  emotive  aspects  and  value  judgements.  To  critics  who  assert  that  risk 
analysts,  being  human,  are  unable  to  exclude  emotions  completely  and  that  the  mode 
of  analysis  itself  inevitably  expresses  a value  judgement,  the  analysis  can  be 
defended  on  the  grounds  that  both  emotional  biases  and  value  judgements  can  be  ob- 
served in  the  analysis  and  that  formal  analysis  in  which  all  assumptions  are  clearly 
specified  provides  a manner  of  showing  precisely  where  and  how  "non-rational"  consi- 
derations intrude.  A key  argument  is  that  whatever  the  shortcoming  of  the  practice, 
it  is  the  analyst's  intention  to  be  objective,  and  that  the  degree  of  objectivity 
can  be  enhanced  by  normal  procedures  of  scientific  validation. 

The  modelling  of  risk  systems  always  requires  explicit  assumptions  to  be  made 
and  these  always  involve  some  simplification  of  reality  for  reasons  of  data  availa- 
bility, lack  of  knowledge,  or  ease  of  calculation.  Simplifying  assumptions  have  to 
be  made  both  in  the  area  of  rational  or  technological  processes  and  in  human  beha- 
vioural variables. 

Risk  analysis  is  thus  a technical  specialized  function  that  is  carried  out  by 
trained  experts  or  professions  for  others.  The  risk  analyst  calculates  the  risks  to 
which  others  are  exposed.  He  may  or  may  not  be  exposed  to  the  risk  himself.  In  any 
case,  he  endeavours  to  exclude  his  own  personal  feelings  from  the  analysis  and  to 
think  in  terms  of  "target  populations"  or  "those  at  risk"  as  being  a collection  of 
other  human  beings.  The  experience  suggests  that  this  is  on  the  whole  successfully 
done.  This  is  the  main  strength  of  risk  analysis.  It  is  also  a weakness,  in  that 
risk  analysis  does  not  necessarily  reflect  the  emotions  or  values  or  preferences  of 
those  at  risk.  Such  persons  may  reject  the  objective  findings  of  a risk  analysis  on 
the  grounds  that  it  does  not  reflect  their  own  preferences.  The  risk  analyst  can 
then  reply  that  this  is  not  his  business.  He  can  say,  "I  do  the  risk  analysis  and 
then  you  choose".  On  the  other  hand,  the  risk  analyst  may  regard  it  as  his  respon- 
sibility to  recbmmend  a preferred  choice,  which  may  be  rejected  by  people  and  deci- 
sion-makers for  reasons  that  he  then  comes  to  consider  as  irrational,  prejudiced, 
blind  or  even  stupid.  A risk  analyst  who  achieves  an  extraordinarily  high  degree  of 
objectivity  in  his  work  may  find  it  difficult  to  carry  that  detachment  over  to  the 
public  reception  of  his  efforts. 

Risk  analysis  is  not  limited  to  estimating  the  probability  of  an  event  or  se- 
quence of  events.  It  can  and  usually  does  extend  to  the  estimation  of  consequences. 
However,  risk  analysis  sensu  strictu  stops  at  the  boundary  where  risk  acceptability 
comes  into  question.  A good  analyst  attempts  to  describe  the  risk  as  precisely  as 
possible.  This  description  can  include  the  levels  of  comparison  of  one  risk  to 
others,  or  to  benefits,  or  to  prior  conditions. 

Probability  and  consequences  are  thus  at  the  heart  of  the  risk  analysis 
process.  The  total  risk  may  be  expressed  as: 


Risk  = Probability  (E)  X Consequences 
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When  this  information  is  set  in  a context  of  comparative  risk,  cost  and  benefits, 
the  choice  to  be  made  about  acceptable  level  of  risk  may  seem  obvious.  When  it 
comes  to  risk  perception,  however,  one  should  always  be  prepared  for  surprises. 

Thinking  about  risk  as  it  applies  to  oneself  as  an  individual,  or  to  one's 
immediate  family,  is  quite  a different  matter  from  risk  analysis.  It  may  involve 
personal  threat  to  life,  or  livelihood  or  emotional  equilibrium.  Even  to  contem- 
plate personal  risks  in  the  abstract  can  be  disquieting  and  a source  of  anxiety. 
When  a risk  is  perceived  to  be  a direct,  perhaps  imminent  threat,  then  a dominantly 
subjective  pattern  of  thought  and  behaviour  takes  over. 

At  the  extremes  of  psychological  behavioural  response  to  threat  are  two  quite 
distinct  patterns.  The  first  consists  of  distress,  including  anxiety,  potentially 
developing  into  neuroticism,  and  then  more  extreme  forms  of  psychopathology  such  as 
paranoia,  schizophrenia  and  so  on.  The  second  pattern  involves  rejection  of  the 
threat  and  an  assertion  that  it  does  not  really  exist,  or  is  of  very  low  probability 
and  will  not  affect  one,  or  that,  even  if  it  does  occur,  and  does  affect  one,  the 
consequences  will  be  slight. 

For  any  given  threat,  individuals  choose  the  direction  of  their  response.  Is 
it  a cause  for  concern  and  anxiety  or  can  it  be  denied  and  dismissed?  The  direction 
and  strength  of  reaction  depends  on  many  factors.  These  can  be  considered  as  three 
sets  - factors  pertaining  to  the  individual,  the  group  and  the  social  context. 
Individual  factors  include  such  variables  as  the  size  and  social  or  economic  func- 
tion of  the  group  (e.g.  a group  of  workers  in  a factory,  a citizens'  special  inte- 
rest group,  etc.).  The  social  context  refers  to  broader  social  and  economic  dimen- 
sions and  of  the  class  or  group  of  people  at  risk,  the  relationship  of  risk  to  eco- 
nomic benefits  such  as  employment,  the  presence  or  absence  of  social  conflict  so  on. 

To  the  student  of  risk  perception,  there  is  no  right  answer.  All  perceptions 
are  valid  expressions  of  subjective  evaluations  of  risk.  The  risk  analyst  may 

protest  that  such  perceptions  are  not  valid.  They  result  from  the  distorting 
influence  of  emotional  and  other  considerations  in  an  objective  analysis.  They  are 
in  reality  misperceptions.  This  is  not,  however,  how  they  appear  to  persons  at  risk 
or  laymen  as  perceivers  of  risk.  The  laymen  may  well  include  information  and 

assessments  provided  by  risk  analysts  in  his  own  perceptions.  He  typically  weighs 
what  the  experts  say  and  adds  his  own  ideas  based  upon  the  individual,  group  and 
social  context  variables  previously  described. 

This  does  not  make  the  layman's  view  invalid  or  a misperception.  It  simply 

recognizes  that  the  mix  of  variables  in  social  assessment  of  risk  includes  the 

intendedly  objective  analysis  of  the  experts  and  the  intendedly  subjective  apprai- 
sal of  the  lay  population.  The  layman's  appraisal  is  important  because  it  expresses 
the  feelings  and  values  of  society  (or  a section  of  society).  Feelings  and  values 
are  an  important  part  of  life  and  it  is  right  that  they  should  be  recognized.  It  is 
also  right  that  they  should  be  excluded  as  far  as  practicable  from  objective  analy- 
sis of  risk. 

Given  the  different  bases  and  purposes  of  risk  analysis  and  risk  perception, 
it  is  not  surprising  that  they  are  often  widely  divergent  or  seem  to  be  fundamen- 
tally opposed.  Much  needless  frustration  occurs  in  present-day  society  because  risk 
analysts  tend  to  expect  their  conclusions  to  be  accepted  and  because  laymen  reject 
risk  analyses  as  neglectful  of  their  real  fear  and  concerns.  Risk  analysis  and  risk 
perception  are  different,  and  social  decisions  involving  risk  are  going  to  be  influ- 
enced by  both. 

This  conclusion  does  not  mean,  however,  that  risk  analysis  and  risk  perception 
cannot  both  be  improved.  Risk  analysis  is  more  acceptable  and  more  persuasive  if: 

(a)  the  assumptions  adapted  in  any  particular  analysis  are 
realistic; 

(b)  the  analysis  is  seen  to  be  objective  and  is  not  suspected 
of  being  biased  in  favour  of  a particular  outcome; 

(c)  the  analysis  has  a specific  purpose  (e.g.  to  detect  and 
reduce  risks)  and  is  not  simply  an  attempt  to  influence 
public  opinion; 
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(d)  the  analysis  is  not  based  on  classified  data  or  reports 
that  are  confidential; 

(e)  the  analysis  is  presented  in  language  that  is  as  clear  as 
possible,  that  recognizes  and  does  not  attempt  to  conceal 
uncertainty  and  divergence  of  expert  opinion; 

(f)  the  results  are  presented  in  an  unambiguous  fashion  with 
explicit  advice  on  action  to  be  taken; 

Risk  perceptions  will  carry  more  weight  if: 

(a)  they  incorporate  accurate  information  on  the  perceived 
probabilities  and  conseguences  of  risks; 

(b)  they  are  not  influenced  or  distorted  by  sensational  or 
inaccurate  media  reporting; 

(c)  they  are  motivated  by  broad  social  concern  and  not  narrow 
sectional  interests. 

Although  improvements  are  possible  and  although  some  convergence  between  risk 
analysis  and  risk  perception  is  achieved,  some  differences  will  remain.  For  the 
lay  risk-perceiver,  the  magnitude  of  the  conseguences  is  always  likely  to  loom 
larger  than  the  estimate  of  a probability.  Risk  analysis  tends  to  avoid  preoccu- 
pation with  the  worst  that  might  happen.  Maximum  credible  accidents  or  maximum 
conceivable  risks  invariably  are  of  such  low  probability  that  on  an  average  annual 
basis,  they  are  of  minor  significance. 


4.3  FACTORS  INFLUENCING  RISK  PERCEPTION 
If  risk  to  the  risk  analyst  can  be  stated  as: 

Risk  = Probability  X Conseguences 
then  to  the  lay  risk  perceiver: 

Risk  = Probability  X ( Conseguences )P 

In  public  perception,  it  is  conseguences  that  count  most  and  these  are  raised 
to  a power  (P)  that  depends  upon  a number  of  factors  but  whose  numerical  value  is 
always  greater  than  1. 

On  the  basis  of  existing  literature  (Lawless  1977;  Burton  et_  j^.  1978),  a num- 
ber of  factors  that  affect  risk  perception  are  shown  in  Table  4.1.  In  each  row,  a 
factor  is  varied  - assuming  that  everything  else  remains  the  same.  In  fact,  nothing 
does  remain  the  same  and  there  is  considerable  interaction  between  factors,  either 
to  negate  or  to  reinforce  each  other. 

A few  explanatory  notes  are  appropriate  to  explain  and  illustrate  each  of 
these  factors.  , The  first  seven  are  characteristics  of  the  risks  themselves. 
Numbers  8,  9 and  10  relate  to  the  population  at  risk.  Numbers  11,  12  and  13  relate 
to  the  information  and  experience  aspects  while  the  last  two  relate  to  experience 
and  emergency  events. 


CHARACTERISTICS  OF  RISKS 

1.  Immediate-Latent  or  delayed 

Risks  are  thought  to  be  perceived  as  more  serious  if  they  have  immediate 
effects  than  if  the  conseguences  are  likely  to  be  long  delayed.  Thus,  a tornado,  a 
fire,  or  any  event  which  has  immediate  impact  is  more  feared  than  the  longer-term 
effects  of  drought,  or  the  danger  of  suffering  from  asbestosis  or  other  diseases 
which  only  occur  after  a long  latency  period  (often  over  20  years)  after  exposure. 
Environmental  risks  that  are  decades  or  longer  into  the  future  (e.g.  ozone  layer 
depletion,  atmospheric  warming  due  to  carbon  dioxide  emissions,  glaciers  melting,  or 
a renewed  ice  age  and  so  on),  are  generally  perceived  as  lesser  risks. 
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Table  4.1  Factors  in  public  risk  perception 


Factors  tending  to  Factors  tending  to  reduce  Examples 

increase  risk  as  perceived  risks  as  perceived 


Immediate 

Direct 

"Dread"  hazards 

Large  number  of  fatalities 
per  event 

Fatalities  grouped  in 
space  and  time 

Mechanisms  or  process  not 
understood 

Oncontrollable 

Involuntary 

Children  at  risk 

Identifiable  victims 

Lack  of  knowledge 

Lack  of  belief  in  authority 
of  source  of  information 

Much  media  attention 

Unfamiliar 

Major  accident 


Latent  or  delayed 

Indirect 

Common  hazards 

Small  number  of  fatalities 
per  event 

Fatalities  scattered  or 
random  in  space/time 

Mechanism  or  process 
understood 

Controllable 

Voluntary 

Children  not  at  risk 

Statistical  victims 

Knowledge 

Belief  in  authority  of 
source  of  information 

Little  media  attention 

Familiar 

No  major  accident 


Tornado-drought;  fire 
asbestos 

Flood-drought;  bridge 
failure;  mercury  in  lakes 
Cancer-influenza 

Air  crash;  auto  crash; 
avalanche;  snowstorm 


Food  additives;  smoking 
radioactive  fallout; 
mountain  climbing 
DDT  in  human  mother’s  milk 

In-plant  workers;  cancer 
from  environmental 
radiation 


Private  industry; 

university  scientists 

PCB's;  LNG  transport 

Nuclear  accident;  house 
fire 

TMI  reactor;  Pickering; 
FLixborough;  Dow  plant  at 
Sarnia;  Mississauga 
chlorine  derailment;  LNG 
transport 


2.  Direct  - Indirect 

Risks  are  perceived  as  more  serious  if  their  impact  is  direct  upon  the  persons 
affected  (e.g.  an  earthquake,  a bridge  failure)  than  if  it  only  reached  people 
indirectly  through  a complex  chain  of  events  (e.g.  mercury  pollution  of  lakes  moving 
up  food  chains). 

3.  "Dread"  hazards  - not  "dread" 

Certain  hazards  at  certain  times  seem  to  have  a property  of  striking  great 
fear  or  anxiety  into  the  heart  of  the  person(s)  at  risk.  For  some  small  number  of 
people,  exposure  to  great  heights  is  a "dread"  hazard.  Others,  for  reasons  not  well 
understood,  develop  a terror  of  being  enclosed  in  a small  room  or  space.  Some 
hazards  obtain  the  property  of  "dreadedness"  for  large  segments  of  society.  These 
are  not  universal  fears.  They  differ  for  different  societies  or  cultures  and  for 
the  same  society  at  different  times.  People  may  at  one  time  or  another  have  a dread 
fear  of  nuclear  power,  or  witches,  or  cancer.  We  cannot  convincingly  account  for 
what  is  or  may  become  a "dread"  risk  but  it  is  a factor  to  be  reckoned  with. 
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4.  Larger  or  smaller  number  of  fatalities  per  event 

Perception  of  risk  seems  to  be  higher  when  a large  number  of  simultaneous 
fatalities  occur  or  is  known  to  be  a possible  conseguence.  The  larger  the  possible 
number  of  fatalities,  the  less  acceptable  the  risk  regardless  of  the  probabilities 
involved.  Thus  a low  probability  catastrophic  accident  at  a nuclear  power  station 
is  perceived  as  more  serious  than  a large  number  of  smaller  events,  e.g.  automobile 
accidents  that  cause  even  more  fatalities.  This  perception  seems  to  express  a 
social  preference  for  the  avoidance  of  disasters.  It  is  reflected  in  the  media 
coverage  which  is  high  for  "simultaneous  fatalities"  and  lower  for  scattered 
fatalities. 

5.  Fatalities  grouped  or  random  in  space/time 

Independent  of  the  number  of  fatalities  per  accident/event,  there  is  also  a 
higher  perception  of  risk  where  fatalities  are  grouped  in  space/time  than  when  scat- 
tered or  randomly  distributed.  This  effect  is  thought  to  account  for  the  evidently 
higher  risk  perception  associated  with  flying  than  with  driving.  Factor  4 above, 
refers  to  the  sheer  magnitude  of  maximum  credible  accidents.  Factor  5 refers  to  the 
distribution  of  fatalities. 

6.  Mechanism  or  process  understood  or  not 

Another  factor  is  comprehension  of  the  mechanism.  Risks  where  the  process  is 
understood  seem  to  be  more  acceptable  than  where  it  is  less  comprehensible.  Risks 
like  falling  off  a ladder,  being  run  over  by  a car  or  slipping  on  ice  are  understood 
and,  therefore,  more  acceptable  than  radiation  damage  or  exposure  to  toxic  contami- 
nants which  work  in  a less  visible  and  less  comprehensible  fashion. 

7.  Controllable  - uncontrollable 

The  power  of  the  individual  or  the  group  in  relation  to  the  force  involved  in 
the  risk  is  also  important.  Earthguakes  are  perceived  as  great  risks  because  there 
is  no  means  of  control.  Floods,  on  the  other  hand,  can  be  contained  by  dams  and 
dykes.  A degree  of  control  is  possible.  Similarly,  it  is  suggested  that  the  driver 
of  a car  learns  to  feel  safe  because  he  is  in  control.  Notoriously,  passengers  feel 
less  safe  than  do  the  drivers.  Confidence  seems  to  be  reduced  when  others  are  in 
control,  or  when  risk  involves  forces  which  cannot  be  controlled. 

8.  Voluntary  - involuntary 

This  is  perhaps  the  most  celebrated  dimension  of  risk  perception.  Evidence 
has  been  amassed  to  suggest  that  greater  risks  are  acceptable  from  voluntary  expo- 
sure to  risk  (mountain  climbing,  canoeing,  downhill  skiing,  sky  diving,  hang-gliding 
and  so  forth)  than  from  involuntary  exposure  (such  as  the  presence  of  food  additives 
in  many  commercial  food  products,  or  radioactive  fallout). 

One  difficulty  with  this  factor,  as  with  some  others,  is  that  there  is  a large 
grey  area.  What  is  voluntary  to  one  person  (driving  a car  to  work)  may  be  a neces- 
sity to  another.  A scale  of  "voluntariness"  is  not  available. 

9.  Children  at  risk  or  not 

Perception  of  risk  is  not  all  a matter  of  our  own  personal  safety  or  that  of 
our  immediate  families.  Concern  for  others  is  a factor,  and  is  more  acute  if 
children  are  thought  to  be  at  risk.  The  reports  of  DDT  in  human  mother's  milk  did 
much  to  arouse  public  concern  about  pesticides.  Similarly,  current  reports  about 
the  effects  of  alcoholism  and  smoking  on  unborn  foetuses  arouse  more  concern  than 
effects  on  adult  smokers  or  drinkers. 

10.  Indent if iable  victims  - statistical  victims 

In  some  cases,  the  potential  victims  of  a hazard  - those  at  risk  - can  be 
easily  identified.  They  are  workers  in  a factory,  the  residents  near  a railway 
line,  the  consumers  of  contaminated  fish  or  the  passengers  in  an  aeroplane.  Here 
the  risk  as  perceived  seems  to  be  higher  than  when  the  victims  can  only  be  statis- 
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tically  identified.  Additional  cases  of  leukemia  can  be  expected  as  a result  of  a 
particular  increase  in  radiation.  A higher  incidence  of  bronchitis  can  be  expected 
as  a result  of  electricity  production  from  coal,  releasing  particulates  and  sulphur- 
dioxide  in  the  atmosphere.  In  neither  of  these  cases,  is  it  possible  to  identify 
the  people  who  might  die  or  become  ill,  or  even  estimate  the  size  of  the  population 
at  risk. 

1 1 . Knowledge 

Some  research  suggests  that  those  with  more  knowledge  about  risks  tend  to 
perceive  them  as  less  serious  than  those  with  less  knowledge.  The  evidence  is 
somewhat  conflicting,  however,  and  the  relationship  is  probably  guite  complex. 
Certainly  people  who  are  so  poorly  informed  as  never  to  have  heard  of  particular 
risks  will  not  find  them  a cause  for  concern.  In  general,  awareness  of  risks  tend 
to  be  more  alarming  at  first;  this  diminishes  as  more  understanding  is  revealed. 
There  appears  to  be  a limit  to  the  capacity  of  greater  knowledge  to  give  greater 
reassurance.  Eventually,  at  some  level  of  knowledge,  awareness  of  the  uncertainty 
of  scientific  understanding  becomes  greater  than  the  gain  in  reassurance.  More 
knowledge  may  then  result  in  higher  perceived  risk. 

12.  Belief  in  authority  - disbelief 

Given  the  high  scientific  and  technical  capacity  of  many  modern  risks,  many 
people,  including  many  decision-makers,  have  to  take  some  information  and  interpre- 
tation on  faith  from  experts  or  specialists.  Under  such  circumstances,  the  strength 
of  the  belief  in  the  authority  of  the  source  of  information  is  important  in  deter- 
mining the  level  of  perceived  risk. 

An  industry  emitting  pollutants  will  generally  say  that  it  is  causing  no  harm. 
People  expect  such  statements,  which  they  treat  with  scepticism.  A government  agency 
regulating  a potentially  dangerous  industrial  activity  will  reassure  the  public  that 
it  is  safe.  The  agency  is  expected  to  do  so  even  though  it  may  be  privately  engaged 
in  a vigorous  debate  with  the  industry  toward  introducing  more  safety  measures. 
University  scientists  are  sometimes  assumed  to  be  more  objective  and  have  no  "axe  to 
grind"  and,  therefore,  are  more  credible.  Credibility  has  been  undermined  to  some 
extent  here  also  because  research  scientists  can  be  accused  of  seeking  to  enhance 
their  research  reputations  or  augment  their  research  funds. 

Since  a society  that  lacks  belief  in  the  authority  of  its  own  experts  (of  any 
kind)  is  likely  to  become  highly  nervous  and  unstable,  there  is  need  to  consider 
ways  of  enhancing  the  credibility  of  scientists  in  environmental  risk  affairs. 

13.  Media  attention 

Media  attention,  like  knowledge,  can  be  a double-edged  sword.  Sometime  it 
enhances  perceived  risk,  sometimes  it  serves  to  reduce  risks  as  perceived.  The  net 
effects  depend  very  much  upon  the  kind  and  content  of  media  coverage.  There  is  no 
doubt,  however,  that  some  risks  can  be  removed  altogether  from  the  public  agenda  by 
media  silence  while  other  risks  (not  necessarily  any  worse  by  objective  criteria) 
can  be  raised  to  a high  pitch  of  public  interest  and  concern.  When  scientists  pass 
research  results  and  reports  to  the  media,  it  is  often  a source  of  confusion  or 
bewilderment  that  some  risks  immediately  become  "best  seller"  news  items  while 
others  may  go  long  ignored  or  largely  rejected. 

14.  Familiar  - unfamiliar 

Fear  of  the  new  or  unknown  seems  to  be  a very  general  human  characteristic. 
It  is  not  surprising,  therefore,  that  unfamiliar  risks  (nuclear  power  generation) 
are  perceived  to  be  more  serious  than  are  familiar  risks  (house  fires)  even  though 
the  latter  may  do  far  more  damage  to  property  and  life. 

15.  Major  accident 

The  occurrence  of  a major  accident  increases  the  perception  of  risk.  The 
Three  Mile  Island  nuclear  accident  dramatically  increased  people's  perception  of  the 
possibility  of  another  major  nuclear  accident  elsewhere.  So  too  did  accidents  at 
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Fig.  4.4  A comparison  of  nuclear  power  and  X-rays  (source:  Fischhoff  et  al  1976) 


Flixborough  (U.K.)  and  Seveso  (Italy).  Major  accidents  have  not  yet  occurred  in  the 
transportation  of  liguified  natural  gas  or  other  liguified  fuels  although  the  possi- 
bility of  a Boiling  Liquid  Expanding  Explosion  (BLEVE)  is  well  known  to  science. 
Predictably  the  degree  of  risk  perception  will  rise  dramatically  when  the  first 
BLEVE  occurs  in  the  transportation  of  such  materials. 


EMPIRICAL  INVESTIGATIONS 

There  are  few  empirical  investigations  of  the  significance  of  these  and  simi- 
lar factors  in  risk  perception  and  clearly  more  controlled  studies  are  required.  A 
comparison  of  nuclear  powers  and  X-rays  (Fiq.  4.4)  is  highly  suggestive  of  a direc- 
tion that  further  study  may  take.  Lacking  such  information  data  in  Canada,  it  is 
necessary  to  turn  to  data  of  a more  general  nature  available  from  public  opinion  and 
attitude  surveys  taken  nationally  and  regionally  in  Canada  over  the  last  ten  years. 
This  source  of  information  is  supplemented  by  some  detailed  studies  of  risk  percep- 
tions for  particular  locations  or  groups  of  people. 

The  advantage  of  using  public  survey  data  is  that  they  provide  broad  pictures 
across  the  country  and  through  time.  National  surveys  are  based  on  statistically 
valid  samples  for  the  populations  they  are  describing^.  They  thus  reflect  the  views 
of  all  members  of  the  public,  including  the  otherwise  silent  majority.  Members  of 
public  interest  groups  and  speakers  at  public  meetings  are  characteristically  drawn 
from  a more  knowledgeable,  active  and  generally  higher  socio-economic  status  sub- 
group. 


^Percentages  In  tables  may  not  total  100  due  to  rounding  errors  and  because  more 

than  one  response  may  be  included. 
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A disadvantage  of  surveys  and  a major  limitation  on  their  use,  is  that  they 
are  highly  selective  in  the  data  they  collect.  This  limits  the  time  frame  consi- 
dered here  to  the  last  ten  years.  No  useful  survey  data  have  been  found  for  risk 
perception  in  Canada  prior  to  1970,  although  a 1965  national  survey  is  available  for 
the  United  States. 

Generally  surveys  do  not  ask  "open  guest  ions";  that  is,  they  do  not  allow  res- 
pondents a free  choice  of  answer.  "What  are  the  major  problems  that  concern  you 
today?"  is  an  example  of  an  open  guestion.  More  commonly,  the  surveys  use  the 
format  of  "closed  guestions"  which  provide  the  respondent  with  a specified  set  of 
alternatives  from  which  the  respondent  chooses  his  or  her  answer.  For  example,  in 
guestions  about  major  problem  facing  the  country  in  1970,  "energy"  and  "inflation" 
were  not  provided  as  options  at  all  although  in  1980  they  were  perceived  as  impor- 
tant problems  in  Canada.  Thus,  there  are  few  time  trend  data  from  surveys  with 
respect  to  emerging  problems.  Only  when  problems  are  already  "issues"  do  surveys 
begin  to  collect  data  on  the  public's  perception  of  them. 


4.4  RISKS  AS  A COMPONENT  IN  THE  PROBLEM  AGENDA 

Risks  are  perceived  by  Canadians  as  important  from  only  a subset  of  a larger 
array  of  problems,  concerns  and  worries.  In  general,  the  Canadian  public  is  more 
preoccupied  with  the  impacts  of  inflation  and  unemployment  than  with  the  risks  of 
food  additives  or  nuclear  power. 

The  "problem  agenda"  for  Canadians  is  set  largely  by  the  scale  at  which  pro- 
blems are  considered:  from  the  individual,  to  the  community,  the  province  and  the 
country.  Figure  4.5  illustrates  the  six  main  areas  of  concern  in  1980  in  order  of 
relative  priority  at  different  societal  levels.  In  the  context  of  personal  worries, 
health  is  the  most  important  concern,  followed  by  the  effects  of  inflation. 
Environment  and  energy-related  problems  are  insignificant  as  personal  problems. 

At  the  level  of  problems  facing  their  area  or  community,  Canadians  first 
stress  community  services  and  facilities,  followed  by  local  environmental  problems. 
Health  and  energy  issues  are  less  often  mentioned. 

At  the  provincial  level,  inflation  is  regarded  as  the  major  problem,  followed 
by  energy  and  environmental  concerns.  The  main  problems  facing  Canada  is  over 
whelmingly  believed  to  be  inflation,  followed  by  unemployment  and  energy.  Health 
and  environment  are  not  perceived  as  national  problems.  Interestingly,  unemployment 
is  the  least  dependent  upon  scale  for  its  perceived  priority. 

Within  the  problem  agendas,  the  areas  containing  the  most  risk  items  are 
health  and  environment,  and  to  a lesser  extent,  energy.  Indeed  for  many  Canadians, 
the  environment  is  almost  synonymous  with  "pollution"  (Table  4.2). 

Table  4.2  Perception  of  the  word  "environment"  by  Ontario  residents  1979 


Percent  of  responses 

Responses  to  guestion:  "When  I say  the  word  "environment"  to  you,  what  is  the  first 


thing  you  think  of?" 

Surroundings  30 
Air  and  water  pollution  25 
Nature  and  resources  8 
Home  and  community  7 
Pollution  5 
Water  and  water  pollution  4 
Quality  of  life  4 
Environmental  protection  3 
Forests  and  vegetation  3 
Wildlife  1 
People  1 
Health  1 


N = 991;  Source:  Ontario  M0E  (1979) 
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Fig.  4.5  Relationship  between  Canadian  public  perception  of  problems  in  1980  and 
scale  at  which  problems  are  considered. 


The  composition  of  the  problem  agendas  also  reflects  the  levels  at  which 
problems  are  seen  as  capable  of  solution.  The  individual  is  regarded  as  the  prin- 
cipal watchdog  over  his  or  her  own  health:  the  provision  of  adequate  services  is 
seen  as  a local  municipal  task.  In  Canada,  energy  problems  are  seen  as  a provincial 
and  federal  undertaking,  while  inflation  requires  national  approaches.  Thus  the 
relative  ranking  of  problems  appears  to  be  related  to  the  perception  of  their  mana- 
gement and  control;  and  both  of  these  are  a function  of  the  scale  at  which  they  are 
considered.  A first  question  in  risk  perception  is,  therefore,  "risk  to  whom?". 
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Tables  4.3  to  4.7  provide  examples  of  problem  agendas  at  the  personal,  commu- 
nity, provincial  and  national  levels  as  revealed  by  surveys  over  the  last  few  years. 
These  and  other  similar  data  form  the  basis  for  Fig.  4.5,  allowing  for  differences 
in  question-wording  and  question-format. 


Table  4.3  Biggest  personal  worries  and  satisfactions  for  Canadians  duly  1980 


(a)  National 

% of 

Biggest 

worry 

responses 

(b)  National 

O' 

/O 

Most 

satisfaction 
of  responses 

Your  health 

35 

Family  and  friends 

45 

Making  both  ends  meet 

23 

Your  health  and  fitness 

15 

Keeping  your  job 

13 

The  work  you  do 

15 

Having  enough  money  in  old 

age 

12 

Leisure  time  activities 

9 

Having  reasonable  housing 

5 

Your  religious  faith 

8 

Getting  proper  food 

3 

Your  financial  independence 

8 

None  of  these 

9 

None  of  these 

* 

Don't  know 

1 

Don't  know 

1 

- 

101% 

101% 

*less  than  0.5%;  N = 1045 

adults 

; Source: 

Gallup  Report,  July  23,  1980. 

Table  4.4  Perception  of  local  problems  in  Prince  George,  British  Columbia  in  1972 


Percent  of  responses 


PUBLIC  SERVICE  AND  COMMUNITY  FACILITIES 

s? 

CO 

y'i 

recreation  facilities 

11 

media 

8 

shopping  facilities 

7 

law  enforcement 

3 

education 

3 

cultural  facilities 

2 

transportat ion 

1 

medical  facilities 

1 

other  community  facilities 

2 

ENVIRONMENTAL 

24% 

air  pollution 

20 

lack  of  beauty  in  city 

2 

water  pollution 

1 

general  pollution 

<1 

noise  pollution 

<1 

SOCIAL 

15% 

unsavoury/unfriendly  people 

8 

alcoholism 

2 

poor  drivers 

2 

crime 

1 

drug  abuse 

1 

poor  community  spirit 

1 

GOVERNMENT 

15% 

city  management 

15 

ECONOMIC 

9% 

cost  of  living 

8 

job  opportunities 

1 

N - 626  adults;  Source:  McCarthy  and  Potts  (1979-Table  11-2) 
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Table  4.5  Major  concerns  in  Atlantic  Canada  in  1979  facing  people  and  their 
community 


Percent 

of  responses 

PUBLIC  SERVICE  ISSUES 

23% 

municipal  services 

9 

roads 

5 

public  transportation 

6 

recreational  facilities 

3 

sewers 

2 

drinking  water  quality 

2 

mail  service 

<1 

ECONOMIC  ISSUES 

23% 

inflation 

11 

unemployment 

10 

economy 

2 

wages 

1 

ENVIRONMENTAL  ISSUES 

18% 

pollution 

9 

forests 

2 

spray  programs 

1 

conservation 

1 

spruce  budworm 

1 

floods 

1 

noise 

1 

acid  rain 

<1 

NO  CONCERNS 

15% 

SOCIAL  ISSUES 

8% 

social  conditions 

3 

crime 

drug  dependency 
school  system 

GOVERNMENT  MANAGAMENT  ISSUES 

6% 

government  management 

3 

constitutional  crisis 

1 

social  welfare 

2 

ENERGY  ISSUES 

5% 

energy 

4 

atomic  energy 

1 

MISCELLANEOUS  ISSUES 

2% 

highway  safety 

1 

weather,  food  additives,  hunting, 

SALT 

1 

N = 946;  Source:  Environment  Canada  (1980-Tables  10.1  and  10.2) 


A review  of  the  tables  reveals  a significant  absence  in  publicly  perceived 
risks  of  the  technological  systems  which  receive  the  most  attention  in  formal  risk 
analysis.  Major  industrial  accidents,  transportation  of  dangerous  goods,  toxic 
waste  disposal  and  new  chemicals  are  not  mentioned  by  most  people  as  major  concerns. 
Even  the  much  publicized  risks  of  nuclear  power  plants  are  volunteered  as  a major 
concern  by  only  1%  of  Canadians. 

However,  the  major  concerns  of  the  public,  particularly  as  expressed  in  sur- 
veys, are  only  a small  part  of  their  total  concerns.  When  a tanker  derailment 
occurs  or  a site  is  sought  for  the  disposal  of  toxic  wastes,  the  risks  that  never 
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Table  A. 6 Most  important  problems  facing  Province  of  Ontario  in  1979 


Percent  of  responses 


ECONOMIC 

inflation 
unemployment 
interest  rates 
economy 
taxes 


69% 


35 

16 

7 

6 

5 


ENERGY 

energy 

nuclear  plants 


20 

1 


ENVIRONMENT 

acid  rain 
water  pollution 
air  pollution 
natural  resources 
pollution 


12% 


3 

3 

2 

2 

2 


SOCIAL 

health  care  and  health 
care  of  poor  and  elderly 
quality  of  education 
social  values 


4 

3 

3 

2 


GOVERNMENT 

government 

separatism 


6 

2 


NO  PROBLEMS 


3% 


N = 991;  Source:  M0E  (1979-Table  2) 

Table  4.7  Public  perception  of  most  important 
variation  by  region  in  1981 

problems  facing  Canada  1979-1981  and 

Inflation 

Unem- 

ployment 

Energy 

Oil/gas 

Gov  't 

National 

unity 

Other 

problems 

Don't 

know 

(a)  NATIONAL 

January  1981 

55% 

15% 

8% 

1% 

8% 

11% 

2% 

July  1980 

48 

16 

8 

7 

8 

12 

5 

January  1980 

49 

10 

15 

11 

4 

12 

3 

August  1979 

50 

22 

8 

5 

6 

12 

4 

April  1979 

49 

27 

3 

3 

8 

11 

3 

(b)  BY  REGION 

(January  1981) 

Atlantic 

43 

24 

9 

2 

6 

10 

8 

Quebec 

60 

12 

10 

4 

10 

10 

1 

Ontario 

57 

17 

7 

7 

6 

12 

2 

Prairies 

49 

10 

9 

16 

12 

13 

1 

B.C. 

62 

10 

7 

7 

4 

8 

4 

N = 1027;  Source:  Gallup  Report,  February  18,  1981. 

Samples  for  each  year  are  national  samples  >1000  adults  and  are  accurate  within 
4 percentage  points. 
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appear  on  the  list  of  major  concerns  emerge  as  problems  to  which  the  public  is 
extremely  sensitive.  Also  revealed  at  these  times  is  the  fact  that  the  public  has 
high  expectations  of  the  results  of  risk  analysis  and  of  the  scientific  modelling, 
monitoring  and  testing  work  on  which  such  analysis  are  based.  It  would  be  wrong, 
therefore,  to  assume  that  priorities  in  risk  analysis  should  simply  reflect  priori- 
ties in  public  concern. 


4.5  TRENDS  IN  PERCEPTION  OVER  TIME 

Knowledge  is  cumulative  and  problems  are  continually  being  redefined.  For 
example,  in  the  1960's  and  early  1970's,  air  pollution  was  perceived  by  many  scien- 
tists as  well  as  the  public  to  be  a problem  of  particulate  and  gaseous  emissions 
from  heavy  industry  and  power  production.  Realization  of  the  contribution  to  air 
pollution  from  automobiles  and  of  the  effects  of  acid  rain  came  later.  Acid  rain, 
which  in  1982  is  a principal  environmental  risk  in  the  Canadian  public's  eyes,  was 
virtually  unknown  prior  to  1979.  A survey  in  Atlantic  Canada  was  able  to  identify  a 
300%  increase  in  public  awareness  of  acid  rain  within  a six-week  period  following 
high  media  coverage  around  July  16,  1979  (see  Table  4.8). 


Table  4.8  Perception  of  acid 
July  16,  1979 

rain  problem  in  Atlantic 

Canada  before  and 

after 

Percentage  of 

respondents 

Aware, 

Aware, 

Not  aware 

no  concern 

concerned 

No  response 

June  1 - June  16,  1979 

74% 

13% 

12% 

1% 

July  17  - August  3,  1979 

48% 

12% 

40% 

1% 

N r 946;  Source:  Environment  Canada  (1980) 


Major  accidents  also  contribute  to  the  trend  of  increasing  risk-consciousness 
shown  by  the  Canadians.  A survey  of  people  evacuated  from  Mississauga  during  the 
1979  emergency  found  that,  compared  to  other  people  in  Metro  Toronto,  the  evacuees 
had  an  elevated  perception  of  the  probability  of  a major  nuclear  accident  occuring 
(Burton  and  Whyte  1981).  Awareness  of  "risks"  as  a category  of  social  concern  has 
increased  over  the  past  few  years  and  "risk  assessment"  has  entered  the  vocabulary 
of  the  major  Canadian  newspapers  and  magazines.  The  public,  like  scientists  and 
government,  are  increasingly  taking  a risk  assessment  stance;  they  are  concerned 
about  weighing  costs  and  benefits  and  about  evaluating  alternatives.  More  and  more, 
the  public  views  risks  in  terms  of  harm  to  future  generations  and  has  developed  a 
future-oriented  perspective  that  was  unusual  a decade  ago. 

Although  specific  issues  hold  the  public's  attention  for  relatively  short 
periods  of  time,  environmental  concerns  have  entered  the  public  consciousness  as  an 
enduring  social  concern  that  is  of  the  same  order  as  the  economy  and  social  welfare 
Environmental  problems  have  fallen  somewhat  in  priority  since  1970  in  both  the 
United  States  and  Canada,  but  they  are  clearly  not  a short-lived  "fad"  (Fig.  4.6). 
Indeed,  the  evolution  towards  a more  risk-conscious  public  could  well  be  one  of  the 
outcomes  of  the  environmentalism  of  the  late  1960's  and  early  1970's. 

Another  trend  that  is  clearly  visible  from  survey  data  is  the  increase  of 
about  12%  in  public  concern  about  nuclear  power  (Fig.  4.7).  For  both  environmental 
pollution  and  nuclear  power,  people  are  most  sensitive  to  the  problem  at  a local 
level. 


The  accident  at  Three  Mile  Island  did  not,  in  the  long  run,  increase  public 
opposition  to  nuclear  power  generation  in  Canada.  But  it  did  dramatically  raise 
opposition  to  construction  of  a nuclear  plant  in  a person's  home  area.  Figure  4.7 
also  shows  the  characteristic  decline  over  time  in  the  numbers  of  people  in  the 
"don't  know"  category  as  nuclear  energy  becomes  more  of  a household  word. 
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public  from  national  samples  of  >1000  adults,  18  years  and  over. 


Source:  Gallup  Report,  March  6,  1980 


In  the  only  case  for  which  survey  data  covering  more  than  a decade  have  been 
found,  the  Canadian  public's  risk-benefit  analysis  for  nuclear  energy  has  not 
changed  much  between  1948  and  1976  (Table  4.9).  The  population  divides  into  three 
roughly  equal  groups;  those  who  perceive  that  benefits  justify  the  risks;  those  who 
believe  that  risks  outweigh  the  benefits;  and  the  undecided. 


Table  4.9  Perception  of  risks  versus  benefits  of  nuclear  energy  by  Canadians  in 
1948  and  1976 


Risks  > benefits 

Benefits  > risks 

Qualified 

undecided 

Question: 

In  the  long  run,  do  you 
good  than  harm  or  more 

think  the  discovery  of  atomic 
harm  than  good? 

Percentage  of  respondents 

energy  will  do  more 

1948 

42% 

29% 

29% 

1976 

36% 

34% 

30% 

Source:  Gallup  Report,  November  20,  1976. 

National  sample  of  1042  Canadian  adults,  18  years  and  over 
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Sept.  Oct.  Oct.  May 

Fig.  4.7  Opposition  to  nuclear  power  in  Canada  1976-1980. 
N = national  samples  of  > 1000  in  each  year. 


May 

Data  from  Gallup  Poll. 


4.6  REGIONAL  DIFFERENCES  IN  PERCEPTION 

Regional  differences  exist  in  the  priorities  accorded  to  certain  problems  and 
in  the  level  of  public  awareness  of  particular  risks.  These  differences  often 
reflect  regional  variations  in  economic  and  political  conditions.  For  example, 
nationally,  concern  over  inflation  has  risen  6%  between  April  1979  and  January  1981, 
while  concern  about  unemployment  has  fallen  from  27?o-15%  (Table  4.7).  Regionally, 
concern  over  unemployment  has  remained  significantly  higher  in  the  Atlantic 
provinces  and  inflation  is  regarded  as  the  most  important  problem  in  Canada  by 
significantly  more  people  in  Quebec  and  British  Columbia  than  elsewhere  (in  January 
1981).  At  the  same  time,  national  unity  is  more  of  concern  in  Quebec  and  the 
Prairies  than  in  the  rest  of  Canada  (Table  4.7). 

Awareness  of  acid  rain  is  highest  in  Ontario  and  least  in  Quebec  (Fig.  4.8). 
This  probably  reflects  differences  in  scientific,  government  and  media  attention  to 
the  issue  at  provincial  level  more  than  differences  in  the  environment. 

With  respect  to  risks  of  nuclear  power,  residents  of  British  Columbia  and 
Atlantic  Canada  are  most  concerned  while  Ontario  residents  (who  are  most  reliant  on 
nuclear  energy)  are  least  opposed  (Fig.  4.9). 

In  a large  survey  of  Canadian  shoppers  in  1979,  people  across  the  country  were 
found  to  be  concerned  about  the  effects  of  food  additives  on  their  health.  The  level 
of  concern  was  notably  uniform  in  the  provinces  studied,  except  for  Quebec  where 
shoppers  expressed  more  uncertainty  about  the  problem  (Table  4.10a). 

A similar  pattern  is  shown  in  perception  of  the  main  causes  of  health  hazards 
in  food.  Food  additives,  pesticides  and  bacteria  are  fairly  equally  regarded  as 
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Fig.  4.8  Regional  differences  in  perception  of  acid  rain  in  Canada  in  October  1980. 

N = 1060  adults  in  national  sample. 

Source:  Gallup  Report,  October  15,  1980 


causing  most  concern  (Table  4.10b).  While  regional  patterns  exist  for  some  indivi- 
dual hazards,  there  is  no  generalized  pattern  in  public  perceptions.  No  one  part  of 
the  country  is  consistently  aware  of  or  concerned  about  all  risks. 


Table  4.10  Regional  differences  in  concern  about  food  additives  and  contaminants 


Province  % Agree  % Disagree  % Unsure 


(a)  Responses  to  statement:  "I  am  concerned  about  the  possible  effects  of  food 
additives  on  my  health”. 


British  Columbia 

89 

6 

5 

Manitoba 

87 

7 

7 

Ontario 

87 

6 

6 

Quebec 

78 

9 

13 

Nova  Scotia 

89 

7 

5 

Total  sample 

87 

6 

7 

Province  Pesticides 

Bacteria 

Food 

Additives 

Pollution 

Other 

(b)  Responses  to  statement 
is  the  presence  of:" 

: "My  greatest  concern  about  the  safety 

Percentage  of  respondents 

of  the 

food  supply 

British  Columbia 

32% 

26% 

38% 

15% 

8% 

Manitoba 

28% 

35% 

34% 

15% 

7% 

Ontario 

28% 

33% 

34% 

18% 

QO/ 

O/o 

Quebec 

24% 

31% 

33% 

19% 

9% 

Nova  Scotia 

33% 

29% 

35% 

16% 

10% 

Total  sample 

30% 

30% 

35% 

16% 

8% 

N = 24,940  self-selected  adult  Canadian  shoppers. 
Source:  Health  and  Welfare  Canada  (1980) 
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Fig.  4.9  Regional  differences  in  oposition  to  nuclear  power  in  Canada  in  1980. 
Source:  Gallup  Omnibus  Surveys,  March  and  May,  1980 
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Differences  in  perception  within  regions  are  less  than  across  the  country  as  a 
whole.  For  example,  there  are  no  significant  differences  between  Metro  Toronto  and 
Northern  Ontario  in  public  assessment  of  acid  rain  or  the  transportation  of  nuclear 
waste,  despite  the  range  in  environmental  and  living  conditions  they  represent 
(Fig.  4.10b).  Similarly,  within  the  Atlantic  Region,  differences  are  small  amongst 
the  provinces  in  their  assessment  of  alternative  energy  sources  as  dangerous  or 
environmentally  dirty  (Table  4.11). 


Table  4.11  Public  perceptions  in  Atlantic  Canada  of  alternative  energy  sources  in 
terms  of  risk  and  environmental  pollution  in  1979 


Newfoundland  Prince  Edward  Nova  Scotia  New 

and  Labrador  Island  Brunswick 


Percentage  of  respondents  saying: 


Energy  source  is  dangerous 


Coal 

7.7 % 

4.3% 

4.9% 

4.45 

0x1 

9.6 

2.7 

6.1 

4.4 

Nuclear 

55.8 

44.9 

54.1 

45.6 

Hydro-electricity 

1.9 

4.9 

2.1 

0 

Tidal  power 

5.1 

1.1 

1.6 

1.7 

Energy  source  is 
environmentally  dirty 


Coal 

37.2% 

39.5% 

37.9% 

33.3! 

Oil 

15.4 

8.1 

10.6 

8.3 

Nuclear 

22.4 

18.4 

19.3 

17.2 

Hydro-electricity 

1.9 

1.6 

1.2 

0.6 

Tidal  power 

3.8 

0.5 

0.9 

1.1 

N = 

156 

185 

425 

180 

Other  studies,  however,  suggest  that  there  are  differences  in  perception  with- 
in provinces,  particularly  in  the  "hazard  agenda".  Table  4.12  shows  the  hazards 
most  frequently  mentioned  in  an  Ontario  (1979)  survey.  In  the  Hamilton-Niagara 
region,  water  pollution  and  drug  and  alcohol  abuse  show  unusual  prominence  while  in 
nothern  Ontario,  greater  attention  is  paid  to  acid  rain,  air  pollution  and  health 
problems. ^ 

In  a survey  of  Canadian  attitudes  to  pollution  taken  in  November  1980  (CROP 
1980),  the  most  serious  type  of  pollution  was  perceived  to  be  air  pollution,  fol- 
lowed by  water  and  noise  (ranked  equally).  However,  at  the  regional  level,  Atlantic 
Canadians  were  more  likely  to  be  concerned  about  water  pollution  and  many  Albertans 
thought  that  noise  pollution  was  the  most  serious.  More  significant  than  regional 
differences  was  the  size  of  community  people  lived  in  (Table  4.13).  In  larger  towns 
and  cities,  air  pollution  is  likely  to  be  regarded  as  a major  hazard  whereas  water 
pollution  is  of  more  concern  in  smaller  communities.  As  might  be  expected,  noise 
pollution  is  of  less  concern  to  people  living  in  small  towns,  especially  in  rural 
areas  with  fewer  than  5,000  in  the  community. 


^Some  of  the  differences  in  findings  between  surveys  can  be  related  to  the  question 

format  used.  An  open  format  provides  opportunity  for  respondents  to  suggest  risks 
that  concern  them  personally  such  as  health  problems  and  this  leads  to  greater  appa- 
rent geographic  diversity  in  perception.  Conversely,  the  closed  question  format 
used  by  opinion  polls,  emphasizes  established  social  concerns  about  which  there  is 
relatively  more  uniformity  of  information  and  attitude  across  the  country. 
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Fig.  4.10  Local  differences  in  perception  of  acid  rain  and  transportation  of 
hazardous  waste  in  Ontario  in  1980. 

Source:  Gallup  Ontario  Omnibus  Survey,  May  1980 
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Table  4.12  Most  important  problem  facing  Ontario  in  1979^  by  geographic  region 
within  the  Province 


Metro 

Toronto 

Hamilton 

Niagara 

S.W. 

Ontario 

Central 

Ontario 

East 

Ontario 

North 

Ontario 

Percentage  of  respondents 

saying : 

Water  pollution 

1.955 

6.1% 

0.7% 

1 .7% 

3.6% 

4.3% 

Air  pollution 

1.9 

1.7 

2.9 

1.1 

1.4 

4.3 

Acid  rain 

2.3 

1.1 

1.4 

4.0 

3.6 

8.5 

Pollution  in  general 

2.3 

1.1 

0.7 

2.3 

2.1 

2.8 

Noise  pollution 

0.0 

0.6 

0.7 

0.0 

0.0 

0.0 

Crime 

1.4 

1.1 

0.7 

0.0 

0.7 

0.7 

Drugs/alcohol 

0.5 

2.2 

0.7 

0.6 

1.4 

0.7 

Safety 

0.0 

0.0 

0.7 

0.6 

0.7 

0.0 

Health  problems 

0.9 

0.0 

0.0 

0.0 

0.7 

2.1 

Nuclear  plants 

1.4 

0.6 

1.4 

1.1 

0.7 

0.0 

No  problems 

3.3 

1.1 

1.4 

3.4 

0.7 

5.0 

N =• 

268 

110 

149 

218 

154 

93 

1 "risk"  items  only  given: 
Source:  Ontario  MOE  (1979- 

; N = 991 
-Table  2) 

adult  residents  of 

Ontario. 

Table  4.13  Effect  of  community  size  on 

perception  of  pollution 

as  serious 

Community  size 

1,000,000 

100,000- 

5,000- 

Less  than 

and  over 

999,999 

99,999 

5,000 

0/ 

/O 

0/ 

Of 

% 

Which  type  of  pollution  is 

most  serious 

in 

your  neighbourhood  today? 

Air  pollution 

40 

35 

36 

21 

Water  pollution 

16 

18 

30 

31 

Noise  pollution 

29 

29 

12 

12 

Source:  Survey  of  national 

sample  of  2,! 

000 

in  November 

1980 

Taken  as  a whole,  regional  differences  in  risk  perception  seem  to  be  minor  va- 
riations on  an  essentially  Canadian  theme.  The  main  problems  facing  Canada  in  1981 
were  broadly  felt  to  be  the  same  in  every  province  (Table  4.7).  When  environmental 
and  energy  related  risks  are  considered  individually,  stronger  regional  and  local 
differences  emerge  because  these  are  perceived  to  be  within  the  jurisdiction  of  pro- 
vincial or  local  levels.  For  health-related  risks,  such  as  food  hazards,  provincial 
differences  in  perception  are  minimized  because  health  is  perceived  as  primarily  an 
individual  responsibility. 

Thus,  regional  differences  in  the  perceptions  of  Canadians  are  greater  for  en- 
vironmental and  energy  issues  and  less  for  economic  and  health  and  welfare  concerns. 


4.7  AWARENESS,  KNOWLEDGE  AND  ATTITUDE 

People's  knowledge  about  the  technical,  scientific  and  medical  aspects  of 
hazards  is,  in  general,  very  low.  Whether  knowledge  is  self-assessed  (by  the 
respondent)  or  tested  using  some  simple  questions,  it  is  commonly  found  that  less 
than  20%  or  even  1 0?5  of  people  have  any  scientific  understanding  of  the  problem. 
Sometimes,  fundamental  misconceptions  are  revealed  such  as  the  belief  that  nuclear 
energy  uses  coal  as  fuel. 
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Awareness  of  a hazard  spreads  when  it  is  given  media  attention  and  particu- 
larly when  a serious  incident  occurs.  Through  time,  therefore,  there  is  an  increase 
in  the  number  of  people  who  have  heard  of  a hazard  and  who  know  that  it  is  an  issue. 
This  can  occur  rapidly.  Before  the  Mississauga  chlorine  tank  derailment  in  November 
1979,  only  33%  of  the  residents  who  had  to  be  evacuated  knew  that  dangerous  goods 
were  transported  along  the  tracks  passing  through  their  neighbourhood.  After  the 
accident,  100%  knew  about  the  hazard.  In  Atlantic  Canada,  30%  of  the  people  were 
aware  of  acid  rain  in  June  1979.  By  October  1980,  70%  had  heard  of  the  problem 
(Table  4.8  and  Fig.  4.8). 

Sometimes,  even  massive  publicity  fails  to  reach  half  of  the  adult  population. 
It  is  difficult  to  imagine  how  any  newspaper-reading  or  television-watching  Canadian 
could  have  escaped  hearing  something  about  the  Berger  Commission's  report  investi- 
gating the  proposed  MacKenzie  Valley  Gas  pipeline  in  1977.  Yet  a Gallup  Poll  Report 
on  July  16,  1977  found  that  49%  of  Canadians  had  neither  read  nor  heard  about  it. 

For  the  whole  population,  there  is  probably  a saturation  point  in  the  propor- 
tion of  the  public  which  is  aware  of  any  problem.  The  evidence  for  pollution  and 
nuclear  power,  both  of  which  have  been  public  "issues"  throughout  the  1970's,  is 
that  this  ceiling  in  awareness  is  reached  when  about  90%  of  the  population  becomes 
aware  (Fig.  4.6  and  4.7). 

The  degree  of  public  awareness  is  largely  a function  of  time,  media  attention 
and  the  nature  of  the  risk  (Section  4.3).  However,  public  knowledge  of  a problem  is 
primarily  related  to  an  individual's  characteristics,  particularly  education,  age 
and  sex.  Knowledge  of  a problem  remains  restricted  to  a relatively  small  proportion 
of  the  public.  Figure  4.8  shows  a large  gap  between  the  number  of  Canadians  (65%) 
who  had  heard  of  acid  rain  (many  of  whom  are  prepared  to  put  it  as  Canada's  major 
environmental  problem)  and  those  who  could  say  that  it  is  associated  with  sulphur 
dioxide  or  nitrogen  dioxide  (10%). 

Acid  rain  is  a recently  publicized  problem.  However,  a similar  pattern  can  be 
seen  for  nuclear  power,  the  risks  and  benefits  of  which  have  been  publicly  debated 
for  a decade.  In  1980,  by  their  own  admission,  less  than  10%  of  Canadians  were 
knowledgeable  about  the  use  of  nuclear  power  for  electricity,  nearly  20%  had  no 
knowledge  at  all  and  over  70%  had  only  a little  knowledge  or  a vague  idea  about  it 
(Gallup  1980). 

It  is  sometimes  argued  by  scientists  that  a lack  of  understanding  about  the 
technical  and  scientific  aspects  of  a problem  debars  a person  from  being  able  to 
assess  its  acceptability  as  a risk.  This  is  certainly  not  the  view  of  the  public. 
In  the  March  1980  Gallup  Omnibus  Survey,  those  who  were  strongly  opposed  to  nuclear 
power  for  generating  electricity  were  equally  divided  between  those  who  said  they 
were  knowledgeable  about  the  issue  and  those  who  felt  they  knew  nothing  at  all  about 
it.  Findings  are  similar  for  other  hazards;  the  public  is  prepared  to  assess  the 
acceptability  of  risks  whether  or  not  they  feel  that  they  have  any  understanding  of 
them.  They  are  largely  prepared  to  take  scientific  and  technical  evidence  - or  risk 
analysis  - on  trust.  Where  the  evidence  is  apparently  contradictory  or  uncertain, 
the  perceived  credibility  of  the  various  information  sources  becomes  substituted  for 
personal  knowledge  in  the  way  the  public  perceives  the  risk  (Section  4.8). 

Evidence  from  many  surveys  is  fairly  consistent  in  showing  that  both  the  know- 
ledge and  attitude  components  of  risk  perception  are  correlated  with  socio-economic 
and  demographic  variables.  Men  tend  to  be  more  knowledgeable  than  women  about 
hazards,  particularly  technological  ones.  People  with  higher  levels  of  education 
are  usually  more  informed,  particularly  if  they  have  had  some  college  education. 
Younger  adults  (19-29  years)  are  usually  better  informed  about  risks  than  are  older 
people.  These  findings  about  the  relationship  between  personal  characteristics  and- 
knowledge  about  risks  seem  to  hold  true  for  hazards  as  different  as  food  additives, 
acid  rain  and  nuclear  power. 

A different  and  less  stable  pattern  is  shown  for  the  relationship  between 
attitude  and  risks  and  socio-economic  variables.  More  concern  about  technological 
risks,  pre-eminently  nuclear  power,  is  expressed  by  women  and  by  older  people. 
Women  and  older  people  are  also  more  worried  about  health  risks  such  as  food  addi- 
tives and  cancer  agents  generally.  For  relatively  new  hazards,  such  as  acid  rain, 
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it  is  men  (41%)  rather  than  women  (29%)  who  are  more  likely  to  regard  it  as  a seri- 
ous problem.  Higher  education  (particularly  college  education)  tends  to  increase 
concern  about  the  risks  of  toxic  waste  disposal,  food  additives,  acid  rain  and  the 
transportation  of  dangerous  goods.  The  evidence  for  nuclear  power  has  been  much 
discussed  and  is  more  equivocal.  For  example,  in  the  Gallup  Omnibus  Study,  March 
1980,  university-educated  people  were  equally  divided  between  strongly  in  favour  and 
strongly  opposed  to  nuclear  power  for  generating  electricity  although  more  were 
somewhat  opposed  than  were  somewhat  in  favour.  The  most  noticeable  relationship 
between  education  and  attitude  to  nuclear  power  is  in  the  decline  with  higher  educa- 
tion in  the  number  who  are  undecided  (31%  for  public  school  educated;  10%  for  uni- 
versity educated). 

In  British  Columbia,  a study  of  perception  of  air  pollution  found  that  married 
people  and  those  with  children  under  18  years  old  were  significantly  more  concerned 
about  the  risks  of  air  pollution  on  health  (MacCarthy  and  Potts  1979). 

Anglophones  are  more  likely  to  express  concern  anout  the  risks  of  pollution, 
loss  of  rare  species  (61-41%),  acid  rain  (46-20%)  and  toxic  waste  disposal.  Anglo- 
phones are  also  three  times  more  likely  than  Francophones  to  have  given  money  to  an 
environmental  or  wildlife  organization. 

More  younger  people  would  be  willing  to  pay  additional  taxes  to  improve  the 
control  of  environmental  problems,  as  are  higher  income  earners  and  the  college 
educated. 


4.8  INFORMATION  AND  CREDIBILITY 

The  public  learns  about  most  hazards  from  television,  radio,  newspapers  and 
magazines.  Tables  4.14  and  4.15  give  two  examples  (nuclear  waste  disposal  and  water 
quality  in  the  Great  Lakes)  of  a well  established  pattern  for  the  principal  sources 
of  information  used  by  the  Canadian  public  to  assess  risks.  Television  is  a prime 
information  source,  significantly  more  so  for  the  less  well  educated.  The  mass 
media  often  act  as  a mouthpiece  for  scientific  and  government  views  on  risks  but 
they  add  their  own  editorial  comment.  They  may  also  act  as  hazard  investigators. 
This  type  of  investigative  reporting  has  developed  in  Canada  in  the  last  few  years 
especially  in  relation  to  technological  and  environmental  risks.  Some  journalists 
have  expanded  their  television  and  newspaper  reporting  work  into  books  on  Canadian 
risks  (see,  for  example,  Dotto  and  Schiff  1978;  Howard  1980).  Government  agencies 
and  political  representatives  are  rarely  used  sources  of  risk  information. 

Many  hazards  cannot  be  assessed  by  the  public  because  they  may  involve  complex 
technology,  low  probability  effects,  long-delayed  effects,  or  a long  chain  of  causes 
and  effects  through  an  ecosystem.  Water  quality  in  the  Great  Lakes  is  to  some 
extent  amenable  to  personal  inspection,  and  here  the  public,  particularly  frequent 
users  of  the  Lakes,  do  use  their  own  eyes  and  noses  to  assess  risk  (Tables  4.15  and 
4.16). 


The  credibility  of  public  information  sources  also  shows  a relatively  consis- 
tent pattern  across  different  hazards.  University  scientists  are  generally  regarded 
as  the  most  reliable  sources  of  objective  (that  is,  in  the  public  interest)  scien- 
tific information.  Members  of  Parliament  and  government  agencies  are  among  the 
least  believed  information  sources,  usually  falling  well  behind  mass  media  in  credi- 
bility with  which  the  public  invests  them  (Table  4.17).  A 1979  study  in  Ontario 
indicated  that  government  ministries  may  now  face  a Catch-22  situation.  People  tend 
to  believe  the  Ministry  of  the  Environment  when  it  says  that  something  is  dangerous 
but  to  disbelieves  it  when  the  Ministry  says  that  something  is  safe  (MOE  1979). 

The  power  of  the  mass  media  in  shaping  public  risk  perceptions  is  very  great. 
They  alone  combine  credibility  and  access  of  information.  University  scientists  are 
highly  regarded  sources  of  information  but,  with  a few  notable  exceptions  like  David 
Suzuki,  are  hidden  from  the  public  view.  As  one  respondent  in  a survey  commented, 
"I  wouldn't  know  were  to  find  one  (university  scientist)  if  I looked".  The  example 
of  Suzuki  is  an  indication,  however,  of  the  significant  public  education  role  that 
can  be  played  by  a university  scientist  who  can  use  mass  media  effectively. 
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Table  4.14  Public  view  of  the  best  way  to  receive  information  on  nuclear  waste 
disposal,  June  1979^ 


Best  Way 


June  19792 


Percentage  of  respondents 


Television  24 
Newspapers,  magazines  21 
Pamphlets,  booklets,  books  12 
Mail  12 
Radio  8 
Media  (general)  7 
Government  (general)  4 
Members  of  parliament  1 
Community  meetings  1 
Ontario  Hydro  1 
AECL  1 
Scientists,  research  results  1 
Government  (provincial) 

Government  (federal) 

Don't  get  truthful  information  1 
Others  1 
Don't  know  5 

Total  percentage  100 


^Response  to  the  guestion:  "What  is  the  best  way  of  getting  information  to  you  on 
nuclear  waste  disposal?" 


2Gallup  Ontario  Omnibus  (1979);  N = 1558 


Table  4.15  Sources  of  information  used  by  public  for  water  guality  of  Great  Lakes 


All  public 

N = 2605 

Users 

N = 1635 

Non-users 

N = 1433 

Percentage  of  respondents  saying: 

Printed  media 

48% 

45% 

49% 

Television  and  radio 

19 

12 

22 

Personal  observation 

17 

31 

11 

Other  people 

5 

4 

5 

Government  agencies 

1 

1 

<1 

University  scientists 

1 

1 

<1 

Don't  know 

8 

4 

12 

Sample:  2605  residents  of  Ontario  plus  463  shore  property  owners; 
February-March  1979;  Source:  Environment  Canada  (1981) 
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Table  4.16  Factors  used  by  public  in  assessing  declining  water  guality  in  the 
Great  Lakes 


Percentage  of  respondents 

Cloudy  or  dirty  water 

24 

Dead  fish 

14 

Garbage 

10 

Surface  scum  or  foam 

10 

Algae 

9 

Unpleasant  smell 

9 

Poor  fishing 

4 

Water  quality  reports 

3 

Weeds  on  shore 

3 

Weeds  on  bottom 

3 

High  water  level 

2 

Scum  on  rocks 

2 

Chemicals 

2 

Less  bird  life 

2 

Don't  know 

4 

Sample:  2605  residents  of  Ontario  plus  463  shore  property  owners; 
February-March  1978;  Source:  Environment  Canada  (1981) 


Table  4.17  Opinion  of  credibility  of  information  sources  about  nuclear  waste 
disposal,  June  19791 


Source 


All  Ontario 


University  scientists  72% 

Televison  news  reports  68 

Newspapers  59 

AECL  59 

Environmental  and  conservation  groups  56 

Ontario  Ministry  of  Energy  48 

AECB  49 

Federal  Ministry  of  Energy  50 

Ontario  Hydro  44 

Members  of  Parliament  27 


Response  of  very  believable  or  quite  believable  to  the  question:  I am  going  to  read 
you  a list  of  information  sources  about  nuclear  waste  disposal.  I would  like  you  to 
tell  me  how  believable  you  think  the  information  you  receive  from  each  source  is". 


Source:  Gallup  Ontario  Omnibus  Study  (1979) 


4.9  THE  STRUCTURE  OF  RISK  PERCEPTION 

Data  from  the  public  opinion  surveys  tell  little  about  how  one  risk  is  seen  in 
relation  to  another,  or  how  the  public  assesses  the  risks  and  benefits  of  the  per- 
sonal trade-offs  they  make  in  managing  hazards.  Surveys  provide  more  of  a current 
"hit  list"  of  public  issues  than  an  understanding  of  the  psychological  and  social 
processes  that  are  operating.  Neither  is  it  possible  to  do  more  than  indicate  that 
risk  perception  is  a complex  structure  of  perceived  relationships  and  values.  The 
study  of  risk  perception  is  an  exercise  in  peeling  back  the  layers  from  the  exterior 
of  easily  expressed  "major  concerns"  to  the  inner  psychological  relationships. 

A first  level  of  exploration  is  to  examine  the  reasons  behind  the  individual 
concerns  expressed  by  the  public.  "Pollution"  is  a general  label  which,  for  many 
people,  is  dominated  by  the  image  of  air  pollution.  For  others,  "pollution"  means 
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garbage  and  litter;  and  for  others,  it  is  immediately  conceptualized  in  terms  of  its 
health  effects  (Table  4.18).  When  people  say  they  are  worried  about  pollution,  they 
may  be  meaning  things  as  different  as  oil  spills,  and  smoker's  cough. 


Table  4.18  Associations  with  the  word  "pollution"^ 


Percentage  of  responses 

Air  pollution 

37 

Garbage  and  litter 

15 

Water  pollution 

12 

Industrial  effluence 

7 

Health  problems 

5 

Pollution  in  general 

5 

Automobile  fumes 

3 

Nature 

3 

Acid  rain 

2 

Sewage 

2 

Oil  spills 

1 

Other  responses 

7 

Don't  know 

1 

^ Response  to  the  guest  ion:  "When  I 
first  thing  you  think  of?" 

say  the  word  "pollution"  to  you,  what  is  the 

Sample:  991  residents  of  Ontario;  Source:  Ontario  MOE  (1979) 


Landfill  sites  provide  another  example  of  the  range  in  risk  perception  em- 
bedded in  particular  concerns  held  by  the  public  (Fig.  4.11).  The  commonest  expres- 
sion of  concern  is  in  terms  of  the  landfill  site's  potential  smell.  Other  reasons 
include  fear  of  rats  and  vermin,  of  contamination  and  radiation,  and  of  gases.  Some 
people  think  of  human  health  hazards  while  others  think  of  environmental  pollution. 
A few  people  express  concern  about  the  long-term  effects  of  future  generations. 
Clearly,  concern  about  landfill  sites  subsumes  a larger  set  of  perceived  risks.  In 
part,  this  diversity  is  a function  of  where  people  define  the  risk  on  the  cause- 
effect  chain.  People  who  express  concern  about  chimney  smoke  and  those  who  are  wor- 
ried about  lung  disease  or  cancer  may  be  referring  to  the  same  air  pollution  hazard. 

It  is  clear  that,  when  asked  to,  people  can  discriminate  between  the  various 
trade-offs  that  need  to  be  made  in  risk  assessment.  This  approach  is  freguently 
used  in  obtaining  public  evaluation  of  alternative  energy  sources.  In  Atlantic 
Canada,  for  example,  different  ratings  were  given  to  each  of  five  energy  sources 
(coal,  oil,  nuclear,  hydro-electric  and  tidal  power)  when  the  public  was  asked  to 
assess  them  in  .terms  of  cost,  environmental  pollution,  risk,  availability  and  relia- 
bility (Fig.  4.12).  Whether  or  not  the  comparative  ratings  by  the  public  are  compa- 
tible with  a risk  analysis,  they  show  that  "risk"  is  a dimension  that  the  public  can 
distinguish  from  pollution,  cost  and  system  reliability. 

A person's  attitudes  and  values  are  not  free-floating  and  independent  of  one 
another,  but  are  linked  together  to  form  a mental  structure  or  outlook  on  the  world. 
For  example,  most  people  perceive  that  air  and  water  guality  affect  their  health, 
and  to  a lesser  extent,  that  they  are  important  to  their  personal  happiness.  The 
study  of  Atlantic  Canadians  found  a strong  correlation  between  the  perceived  effects 
on  health  and  happiness,  of  environmental  guality  (Environment  Canada  1980). 
Interestingly,  farmers  and  fishermen  felt  themselves  to  be  less  affected  by  environ- 
mental guality  than  did  other  people. 

The  Resources  for  the  Future  study  of  perceptions,  of  the  environment  in  the 
United  States  concluded  that  environmental  concern  had  become  established  as  a wide- 
spread and  enduring  social  "good"  (RFF  1980).  A similar  conclusion  can  be  reached 
for  Canada.  A study  of  the  components  of  environmental  concern  in  Ontario  found 
that  the  value  placed  on  a clean  environment  is  most  strongly  correlated  with 
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Fig.  4.11 


Reasons  for  opposing  the  location  of  a landfill  site  within  16  km  of  a 
person's  home.  From:  Ontario  MOE  (1979),  N = 760  Ontario  residents 


safety.  Other  related  values  are:  being  a good  neighbour;  conserving  energy; 
spending  time  outdoors;  eating  healthy  food;  being  a Canadian;  gaining  the  respect 
of  others;  and,  exercise  (MOE  1979). 

The  Ontario  study  suggests  that  the  value  structure  of  people  in  Ontario  can 
be  described  by  five  "clusters"  of  values: 

1.  health,  safety,  respect  and  a clean  environment; 

2.  exercise,  sport  and  enjoying  the  outdoors; 

3.  local  status  and  community  involvement; 

4.  owning  and  enjoying  a car  and  watching  television; 

5.  leisure,  travel  and  spending  money. 

The  first  three  of  these  sets  of  values  are  also  significantly  related  to  each 
other.  In  contrast,  people  who  particularly  value  watching  television  are  likely  to 
be  the  least  concerned  about  environmental  quality. 

Concern  about  safety  is,  therefore,  a major  component  in  concern  about  the 
environment,  and  environmental  sensitivity  is,  in  turn,  a component  in  what  we 
perceive  as  "a  good  Canadian". 

It  is  usually  assumed  that  the  values  and  attitudes  held  by  a person  (his  or 
her  cognitive  structure)  are  normally  consistent  with  one  another,  and  that  as  far 
as  possible,  one's  behaviour  is  also  consistent  with  them.  It  can  be  demonstrated 
that  when  an  inconsistency  arises  within  or  between  their  attitudes,  values  and 
behaviour,  people  will  seek  to  avoid  internal  conflict  by  modifying  part  of  their 
cognitive  structure.  For  example,  someone  dependent  on  an  environmentally  polluting 
industry  for  his  job  will  tend  to  downplay  the  costs  of  pollution  or  will  feel  that 
the  problem  is  beinq  brought  under  control.  Alternatively,  people  will  adopt  a 
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electric 

Fig.  4.12  Perception  of  alternative  energy  sources  in  Atlantic  Canada  1979.  Note 
that  overall  ratings  includes  consideration  of  availability  and  reliabi- 
lity. From:  Environment  Canada  (1980) 


"blame-transfer"  strategy  by  which  they  perceive  the  risks  they  are  voluntarily 
undertaking  as  forced  upon  them.  In  this  situation,  people  change  the  locus  of 
control  of  the  problem  from  themselves  to  others  (known  as  a shift  from  internal  to 
external  control). 

A study  of  the  perception  of  air  pollution  in  Trail  and  Prince  George,  B.C. 
(MacCarthy  and  Potts  1979)  examined  the  concern  expressed  about  air  pollution  by 
smokers,  non-smokers  and  those  who  had  stopped  smoking.  It  found  that,  for  people 
over  50  years  of  age,  smokers,  especially  those  who  did  not  use  filter-tips,  were 
more  concerned  about  air  pollution  than  were  non-smokers.  For  younger  people,  those 
who  had  stopped  smoking  were  the  most  concerned  about  the  effects  of  air  pollution 
on  their  health. 

These  results  suggested  that  those  people  who  take  the  greatest  risks  with 
their  own  health  (smokers  and  non-filter-tip  users)  are  transferring  some  of  the 
blame  for  their  health  problems  to  community  air  pollution.  In  other  words,  they 
are  perceiving  voluntarily  induced  effects  as  involuntary  ones.  However,  other 
people  who  have  voluntarily  reduced  their  risk  from  smoking  also  feel  more  sensi- 
tive to  their  involuntary  risk  from  air  pollution. 

We  are  thus  a long  way  from  understanding  how  these  complex  cognitive  struc- 
tures respond  to  external  changes.  But  we  do  know  that  perception  of  risk  is  not  an 
independent  mental  activity  but  is  an  integral  part  of  our  cognitive  structure  and 
value  system.  While  surveys,  such  as  discussed  here,  can  usefully  describe  people's 
main  concerns  and  the  reasons  behind  those  concerns,  we  must  look  to  more  in-depth 
analyses  of  people's  perceptions  for  understanding  of  how  people  perceive  risks  and 
how  they  are  willing  to  accept  them  - sometimes! 
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5.1  INTRODUCTION 

This  chapter  deals  with  the  decision-making  process  in  risk  management. 
Typically  decisions  will  result  in  some  regulation  or  procedure  being  imposed  on  a 
societal  group  at  risk  or  on  persons  creating  the  hazard.  Risk-management  decisions 
are  often  very  complex,  a theme  to  be  elaborated  in  Section  5.2. 

The  idea  that  "rational"  decision-making  is  desirable  is  widespread.  It  seems 
irrational  that  money  is  spent  to  reduce  risks  from  one  cause  when  a greater 
reduction  in  the  risk  could  be  achieved  for  the  same  expenditure  in  other  areas. 
And  yet  resources  continue  to  be  allocated  in  disproportion  to  the  potential  risk 
reduction.  This  topic  is  discussed  in  Section  5.3  by  considering  various  forms  of 
rationality.  That  section  concludes  by  giving  a number  of  procedural  steps  in 
decision-making  that  accommodate  both  substantive  and  behavioural  considerations. 

A fundamental  notion  of  risk  management  decisions  (and  many  others)  is  that  a 
trade-off  has  to  be  made  between  risks  and  benefits  and  between  level  of  risk  and 
cost.  It  has  been  found  that  analytical  models  and  procedures  can  make  a contri- 
bution to  the  process  of  making  trade-offs.  Sometimes  the  models  reduce  complexity 
by  combining  data  into  a more  structured  form.  Other  models  enable  a larger  number 
of  variables  to  be  considered.  Another  benefit  often  cited  is  that  understanding  of 
a problem  is  broadened  from  developing  a model  or  exploring  alternative  management 
strategies  with  a model.  Section  5.4  discusses  a number  of  models  and  techniques 
that  can  contribute  to  decision-making  in  risk  management.  The  section  contains 
brief  descriptions  of  the  models,  the  kinds  of  decision  problems  to  which  they  are 
applicable,  and  their  limitations. 


5.2  THE  COMPLEXITY  OF  RISK  MANAGEMENT  DECISIONS 

In  the  last  few  years,  substantial  effort  has  been  directed  toward  studying 
decision-making.  Some  of  the  disciplines  involved  are  behavioural  science,  manage- 
ment science, and  statistics.  This  effort  has  produced  considerable  material  appli- 
cable to  risk  management.  The  material  can  be  divided  roughly  into  two  parts.  One 
is  a collection  of  models,  each  of  which  represents  a decision  problem  having  a 
given  set  of  characteristics.  The  second  is  concerned  with  the  processes  and  values 
used  in  making  decisions.  In  both  categories,  the  decisions  studied  have  to  be 
simplified  in  order  to  make  use  of  available  material.  This  is  true  for  even  well 
structured  decision  problems  such  as  a simple  inventory  replenishment  situation. 
With  respect  to  risk  management  decisions,  the  problems  have  very  complex  characte- 
ristics. Some  of  the  complexities  are  listed  below,  although  it  should  be  noted 
that  not  all  items  on  the  list  need  apply  in  any  specific  case. 


5.2.1  MULTI-JURISDICTIONAL 

Often  several  jurisdictions  are  involved  in  a decision  or  are  affected  by  it. 
These  might  be  different  government  departments,  regulatory  authorities,  national 
governments,  levels  of  government,  and  several  interest  groups  in  society.  The 
groups  may  have  different,  often  conflicting,  interests  or  different  responsibili- 
ties regarding  the  risk  situation.  Acid  rain  is  a good  example.  There  are  conflic- 
ting economic  interests  involved  (coal  mines  in  the  United  States,  power  companies 
in  the  United  States  and  Canada,  INCO,  tourist  interests,  etc.);  there  are  health 
authorities  concerned  with  toxicity;  environmental  agencies  and  interest  groups 
concerned  with  impacts;  etc. 
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5.2.2  MULTI-TIME 

The  hazard  from  an  environmental  project  may  be  one  that  occurs  over  a long 
period  of  time.  An  example  is  the  slow  acidification  of  lakes.  The  hazard  may  be 
episodic  at  an  uncertain  future  time  or  a gradual  effect  over  long  periods,  or 
both.  Nuclear  projects  have  the  multi-time  characteristic. 


5.2.3  MULTI-DISCIPLINE 

A diversity  of  knowledge  often  needs  to  be  integrated  to  resolve  the  decision 
problem.  As  an  example,  sour  gas  extraction  requires  knowledge  of  pipeline 
engineering,  dispersion  of  gas  clouds,  toxicity  of  sulphur  dioxide,  and  urban 
planning.  These  are  diverse  disciplines  and  yet  knowledge  of  all  of  them  is 
required  to  establish  safe  zones  for  urban  development  in  the  vicinity  of  pipelines 
(see  case  study  No.  1). 


5.2.4  MULTI-LOCATION 

A risk  management  decision  will  often  be  implemented  at  several  locations  and 
may  affect  them  differently.  An  example  is  the  management  of  pesticides. 


5.2.5  MULTI-CRITERIA 

In  decision-making  terminology,  a "criterion"  provides  a basis  for  choosing  an 
alternative.  In  risk  management,  for  instance,  the  criterion  used  may  be  the  total 
hours  of  life  saved;  the  project  or  action  that  saves  most  lives  is  the  best  under 
this  criterion.  Often,  however,  there  are  several  criteria  to  be  considered  while 
making  a decision.  The  problem  becomes  even  more  complex  when  the  criteria  are 
expressed  in  units  that  are  difficult  to  compare.  In  the  2,4, 5-T  case  for  instance, 
the  decision-maker  must  trade-off  health  and  economic  values.  There  are  many 
approaches  to  decision-making  that  incorporate  several  criteria  (Keeney  and  Raiffa 
1976).  Measurement  of  the  degree  to  which  each  alternative  meets  each  criterion, 
and  of  the  relative  importance  of  the  various  criteria  makes  the  use  of  these 
techniques  difficult. 


5.2.6  MULTI-BUDGET 

Risk  management  decisions  often  have  budgetary  implications  for  several 
different  organizations.  For  instance,  decisions  on  water  quality  standards  will 
affect  many  municipalities  and  industries  who  draw  from  or  discharge  into  water 
bodies. 


5.2.7  DEGREE  OF  UNCERTAINTY 

There  are  several  kinds  of  uncertainty  in  risk  management  decision  problems. 
First,  there  is  the  uncertainty  as  to  whom  or  what  is  at  risk.  If,  for  instance, 
one  in  100,000  of  a population  could  be  affected  by  a hazard,  it  is  still  impossible 
to  designate  the  particular  persons  affected.  Secondly,  there  is  uncertainty  about 
the  probabilities  themselves.  Is  the  one-in-100,000  value  correct  or  should  it  be 
one-in-150,000?  Third,  there  is  uncertainty  that  the  hazard  has  been  properly 
determined.  The  tragic  thalidomide  case  illustrates  this  point. 


5.2.8  PUBLIC  PERCEPTIONS 

Emotions  often  run  high  in  situations  involving  risk  management.  For  reasons 
discussed  in  Chapter  4,  the  perceptions  and  attitudes  toward  risk  are  often  not  what 
the  scientists  would  regard  as  "rational".  Nevertheless,  emotions  exist  and  are  an 
important  factor  in  risk  management.  The  Port  Hope  radiation  case  illustrates  this 
point  (see  case  study  No.  10). 
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3.2.9  CHANGES  WITH  TIME 

A decision  may  have  appeared  reasonable  at  the  time  it  was  made.  However,  new 
information  may  show  that  the  plan-of-action  adopted  needs  to  be  changed  or  scrapped 
completely.  An  example  is  DOT  which  performed  the  task  well  that  it  was  designed  to 
do  but  the  broader  implications  cast  doubt  on  its  overall  usefulness. 


3.2.10  SYSTEM  BOUNDARIES 

The  application  of  a system  approach  requires  the  investigator  to  delineate 
the  system  boundaries  in  order  to  categorize  the  factors  to  be  included  in,  and 
excluded  from,  consideration.  In  risk  management,  the  boundaries  are  typically  very 
broad.  However,  many  models  are  limited  by  structure  and  the  kind  of  factors  they 
can  include. 


5.2.11  BALANCING  RISKS 

In  many  decision  problems,  there  are  safe  alternatives.  For  instance,  one  can 
make  the  decision  not  to  bet  on  a horse.  In  environmental  decisions,  there  is  often 
a risk  regardless  of  what  is  done;  a risk  if  an  action  is  taken  and  a risk  if  no 
action  is  taken.  Often  the  risks  to  be  traded  off  are  like  apples  and  oranges;  they 
cannot  be  compared  without  value  judgements,  and  these  will  differ  amongst  different 
groups  of  people. 


5.3  DECISION  PROCESS 


5.3.1  RATIONAL  DECISION-MAKING 

It  is  a widespread  idea  that  decisions  should  be  made  "rationally". 
Unfortunately,  the  more  that  we  try  to  understand  the  meaning  of  rationality,  the 
more  obscure  the  concept  becomes.  Like  love,  it  means  different  things  to  different 
people.  Nevertheless,  most  people  would  argue  that  they  can  judge  when  a decision 
has  been  made  rationally. 

A government  official  who  tosses  a coin  to  decide  whether  or  not  to  allow  a 
food  additive  would  not  be  seen  as  making  a decision  using  a rational  procedure. 
For  the  same  situation,  if  the  official  examined  the  scientific  evidence  on  the 
effect  of  the  food  additive  on  humans  and  used  the  level  of  risk  used  in  similar 
situations,  the  official  would  be  said  to  be  using  a rational  procedure.  In  the 
latter  case,  some  conscious  thought  has  been  used  in  conjunction  with  information  to 
arrive  at  the  decision.  The  example  suggests  the  following  working  definition: 
A rational  decision  is  a decision  based  on  a deliberate  search  for  information  and 
thoughtful  consideration  of  the  information  available  to  create  alternatives  and  to 
choose  a course  of  action. 

The  word  "information"  is  intended  to  include  perceptions  and  values.  Even 
with  this  definition,  problems  arise  because  different  people  have  different  ideas 
on  information  requirements.  They  might  not  even  agree  on  what  is  a rational 
approach.  Although  everyone  subscribes  to  rational  decision-making  as  a principle, 
there  is  still  a long  way  to  go  before  the  procedures  to  be  followed  are  widely 
acceptable.  This  point  can  be  illustrated  by  considering  several  types  of 
rationality. 

To  begin,  consider  the  simple  case  where  an  individual  is  making  a personal 
decision  about  whether  or  not  to  wear  a life  jacket  when  canoeing.  Everyone 
believes  that  the  chance  of  drowning  is  much  less  if  a jacket  is  worn.  If  the 
criterion  is  prolongation  of  expected  life,  then  all  persons  would  make  the  same 
decision:  wear  a jacket.  Decisions  made  in  this  way  use  a single  universal 
criterion. 

In  many  risk  management  situations  a decision  affects  large  groups  of  people. 
Suppose  that  a government  agency  has  a limited  budget  to  spend  on  activities  to 
reduce  risk  to  society.  To  simplify  the  example,  assume  that  the  decision  criterion 
is  to  maximize  the  total  hours  of  expected  life  gained  for  the  population. 
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Objective  rationality  would  suggest  information  be  obtained  on  expected  hours  of 
life  saved  per  dollar  spent  on  each  of  the  activities  under  consideration.  The 
money  available  would  be  spent  first  on  the  most  beneficial  activity,  up  to  an 
amount  that  could  profitably  be  used.  The  next  most  beneficial  activity  would  then 
be  considered  and  so  on  until  the  money  was  used  up.  A linear  programming  model 
might  be  used  under  certain  circumstances  to  allocate  the  budget. 

At  first  glance,  objective  rationality  is  appealing.  The  difficulty  is  that 
there  is  seldom  a single  criterion  (or  several)  universally  applicable  in  risk 
situations  for  making  decisions  on  behalf  of  the  population.  There  is  a growing 
body  of  evidence  which  suggests  that  there  are  wide  variations  in  revealed 
individual  and  group-references.  For  instance,  Pochin  (1975)  has  gathered  evidence 
that  there  is  a wide  range  of  risk  levels  that  appear  to  be  tolerated  in  different 
occupational  groups  (Table  5.1).  Pochin  shows  that  the  mean  accident  rate  (death/ 
million/workers/yr)  in  the  United  Kingdom  varied  from  a low  of  3 in  the  clothing  and 
footwear  industry  to  a high  of  162  in  shipbuilding  and  marine  engineering  over  the 
12  year  period  from  1960-1972.  Yet  when  jobs  become  available  in  high  risk  indus- 
tries, there  will  always  be  applicants. 

To  some  degree,  occupational  risks  are  imposed  since  the  alternative  is  unem- 
ployment. Also,  it  is  not  clear  that  risks  are  tolerated  consciously.  The  workers 
may  not  have  given  much  thought  to  risk  when  they  originally  made  a commitment.  If 
they  did  consider  risk,  then  it  was  probably  the  perceived  risk  and  not  the  objecti- 
vely measured  risk  that  was  considered  (e.g.  Starr  and  Whipple  1980).  Nevertheless, 
many  workers  in  high-risk  industries  have  a qualitative  idea  of  relative  risk  but 
still  do  not  change  jobs. 


Table  5.1  Occupational  accident  rate  U.K.  fatal  accident  rates 

(d/M/y,  12  year  means)  according  to  occupational  group 


Occupation  or  manufacturer Mean  ± S.E. 


Clothing  and  footwear  3 ± 1 
Engineering  and  electrical  goods  23  ± 1 
Textiles  23  ± 2 
Vehicles  26  ± 2 
Paper,  printing  and  publishing  28  ± 2 
Metal  goods  not  elsewhere  specified  29  ± 2 
Food,  drink  and  tobacco  34  ± 2 
Leather,  leather  goods  and  fur  37  ± 8 
Timber,  furniture,  etc.  64  ± 5 
Bricks,  pottery,  glass,  cement,  etc.  75  ± 5 
Chemicals  and  allied  industries  87  ± 5 
Metal  manufacturing  136  ± 5 
Shipbuilding  and  marine  engineering  162  ± 8 


Source:  Chief  Inspector  of  factories  1960  to  1972 


Table  5.2  lists  the  risks  for  death  due  to  involuntary  hazards  (Dinman  1980). 
The  risk  is  greatest  with  respect  to  influenza  and  being  struck  by  an  automobile. 
The  risk  is  least  with  respect  to  being  struck  by  a meteor. 

Table  5.3  gives  the  cost-efectiveness  of  various  (rather  than  value  of  life  as 
stated  in  Dinman 's  title)  life-saving  measures.  In  West  Germany  at  least,  it  would 
appear  that  the  provision  of  rescue  helicopters  would  be  the  most  effective  risk- 
management  strategy  with  respect  to  highway  safety. 


5.3.2  SUBJECTIVE  RATIONALITY 

Society  does  not  have  a universal  value  system  applicable  to  decisions  invol- 
ving risk  and  a subjective  element  is  often  present.  Nevertheless,  the  decision- 
making process  may  proceed  rationally  in  such  cases.  This  is  referred  to  as 
subjective  rationality,  and  it  is  dealt  with  in  decision  science  under  utility 
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Table  5.2  Involuntary  risks^ 


Risk  of  death/person/year 

Struck  by  automobile  (United  States) 

1 

in 

20,000 

Struck  by  automobile  (United  Kingdom) 

1 

in 

16,600 

Floods  (United  States 

1 

in 

455,000 

Earthguake  (California) 

1 

in 

588,000 

Tornadoes  (Midwest) 

1 

in 

455,000 

Lightning  (United  Kingdom) 

1 

in 

10  million 

Falling  aircraft  (United  States) 

1 

in 

10  million 

Falling  aircraft  (United  Kingdom) 

1 

in 

50  million 

Explosion,  pressure  vessel  (United  States) 

1 

in 

20  million 

Release  from  atomic  power  station 

At  site  boundary  (United  States) 

1 

in 

10  million 

At  1 km  (United  Kingdom) 

1 

in 

10  million 

Flooding  of  dike  (the  Netherlands) 

1 

in 

10  million 

Bites  of  venomous  creatures  (United  Kingdom) 

1 

in 

5 million 

Leukemia 

1 

in 

12,500 

Influenza 

1 

in 

5,000 

Mpteorite 

1 

in 

100  billion 

^All  numerical  data  presented  as  rounded  of  values. 

Source:  Dinman  i 

(1980) 

Table  5.3  Value  of  life  for  various  safety  measures^ 

Cost-effectiveness  measured 

in 

1975  dollars 

Program 

Dollars 

Dollars  per  yr 

per  life 

of  longevity 

Use  of  50  rescue  helicopters  in  West  Germany 

83,600 

4,180 

Use  of  150  rescue  cars  in  urban  areas  of  West  Germany 

287,700 

14,390 

4 lap  and  shoulder  belts  per  car,  1Q%  usage 

342,500 

17,100 

Lighting  of  all  expressways 

6,170,000 

310,000 

Truck  underride  protection 

3,700,000 

180,000 

4 headrests  per  car 

11,510,000 

580,000 

Vrom  West  German  data  and  analysis.  Source:  Dinman  (1980) 


theory.  The  theory  grew  out  of  the  recognition  that  a given  amount  of  money  does 
not  have  the  same  significance  (utility)  for  everyone  under  given  conditions  of 
uncertainty.  The  utility  is  described  typically  by  a utility  curve. 

Many  decision-makers  are  risk  averse.  Automobile  insurance  is  an  example 
where  the  premium  is  a sure  cost  which  is  greater  than  the  average  loss  realized  in 
insurance  claims.  In  contrast,  risk  takers  prefer  to  gamble,  i.e.  they  would  choose 
a lower  average  gain  in  preference  to  a higher  certain  gain.  Those  who  bet  on 
horses  exchange  the  bet  (a  gain  if  they  don't  bet)  for  an  average  gain  somewhat  less 
than  the  bet. 

These  ideas  can  be  extended  to  prospects  other  than  money  and  to  bundles  of 
prospects.  They  can  also  be  extended  to  groups  rather  than  individuals  but  the 
group  utility  becomes  more  difficult  to  measure  and  interpret  (Keeney  and  Raiffa 
1976).  The  utility  function  of  the  bundle  of  prospects  for  society  as  a whole  is 
known  in  economics  as  the  "social  welfare  function". 

A simple  example  will  illustrate  the  problem  of  choosing  among  alternatives 
when  several  criteria  are  to  be  used.  Suppose  that  a decision  is  to  be  made  on 
which  of  three  safety  controls  is  to  be  installed  in  a chemical  manufacturing  plant 
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(Table  5.4).  Alternative  B has  a high  cost  and  high  cancer  rate  but  a low  accident 
rate  compared  to  alternatives  A and  C.  In  making  a choice,  a trade-off  has  to  be 
made  between  cost,  incidence  of  cancer  and  accidents.  The  problem  is:  "How  should 
this  be  done?"  In  making  the  trade-off,  there  are  three  considerations: 

1.  Whose  values  should  be  used? 

2.  How  should  the  value  measurements  be  made? 

3.  How  should  the  values  be  incorporated  in  making  the  choice? 


Table  5.4  A hypothetical  example 


Alternative 
facility 
safety  controls 

Initial 

cost 

($  million) 

Annual  health 
effect  (related 
incidents  of 
cancer  per  year) 

Accidental 

deaths 

(per  accident) 

Annual 
probability 
of  an 
accident 

Expected 

annual 

accidental 

deaths 

A 

5 

3 

70 

0.005 

0.35 

B 

6 

4 

40 

0.001 

0.04 

C 

4 

2 

100 

0.01 

1.0 

5.3.3  BOUNDED  RATIONALITY 

Simon  (1957)  observed  that  risk  managers  seldom  consider  all  aspects  of  a 
decision  problem.  They  consider  selected  factors  and  deal  with  them  in  a rational 
way.  Simon  refers  to  this  form  of  decision-making  as  bounded  rationality  to  reflect 
the  idea  that  within  limits,  rational  decisions  are  being  made.  Bounded  rationality 
has  been  adopted  widely  as  a fundamental  idea  of  decision-making  and  considerable 
research  is  currently  being  done  to  find  out  how  different  individuals  (or  groups) 
bound  decision  problems  (see,  for  example,  Taylor  1975). 


5.3.4  PROCEDURAL  RATIONALITY 

There  is  increasing  evidence,  particularly  from  work  by  psychologists,  that 
decision-makers  use  procedures  that  have  a personal  bias  (Slovic  et_  al.  1977). 
These  procedures  do  not  necessarily  result  in  the  decisions  that  would  be  reached 
under  strict  application  of  bounded  rationality.  One  of  the  most  thorough  explora- 
tions of  decision  procedures  has  been  made  by  Simon  (1976;  1978a;  1978b).  Behaviour 
is  said  to  be  "procedural  rational  when  it  is  the  outcome  of  appropriate  delibe- 
ration. Its  procedural  rationality  depends  on  the  process  that  generated  it". 
Simon  suggests  that  in  situations  that  do  not  permit  an  optimal  solution  (i.e.  a 
best  solution  under  the  criterion),  then  decision-makers  behave  as  follows: 

(a)  They  use  selective  rules-of-thumb  to  explore  a small  number  of 
promising  alternatives; 

(b)  They  use  past  experience  to  select  the  important  aspects,  often 
associated  with  actions  (decisions); 

(c)  They  stop  searching  for  alternatives  when  a satisfactory  alter- 
native has  been  found. 

The  relevance  of  procedural  rationality  for  environmental  risk  management  is 
immediate.  The  problems  are  far  too  complex  to  enable  an  optimum  decision  to  be 
made  on  the  basis  of  all  relevant  information.  Procedures  are,  therefore,  chosen 
that  lead  to  the  selection  of  a reasonable  set  of  alternatives  and  provide  a way  of 
making  trade-offs  that  is  in  some  sense  satisfactory.  The  public  hearing  process 
is,  ideally,  a procedurally  rational  decision  process. 

Another  view  of  how  decisions  are  made  is  out  forth  by  Lindblom  (1959;  1965) 
who  refers  to  "muddling  through".  In  this  approach,  decisions  are  made  incre- 
mentally, each  decision  being  the  result  of  some  new  problem  or  policy  shortcoming. 
Muddling  through  occurs  when  societal  decision-making  bodies  are  acting  as  coali- 
tions of  interest  groups  (Janis  and  Mann  1977);  decisions  are  then  made  that  are  a 
compromise  between  the  different  participants. 
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5.3.5  DECISION  PROCEDURES  FOR  RISK  MANAGEMENT  DECISIONS 

Historically  and  practically,  risk  managers  cannot  be  expected  to  make  deci- 
sions that  are  rational  in  the  objective  and  optimal  sense.  The  best  that  can  be 
achieved  is  the  adoption  of  decision-making  procedures  that  are  procedurally 
rational.  This  approach  has  the  potential  to  enhance  considerably  the  quality  of 
decision-making  in  risk  management.  What,  then,  are  the  components  and  structure  of 
a procedurally  rational  decision  system? 

The  following  components  are  suggested: 

(a)  PROBLEM  BOUNDING 

Set  bounds  on  the  considerations  that  are  to  enter  the  decision 
process,  while  ensuring  that  the  scope  is  reasonably  comprehensive. 

A public  hearing  will  often  reveal  factors  that  may  be  missed  by 
specialists. 

(b)  INFORMATION  RESOURCES 

Make  a conscious  effort  to  develop  the  information  resources  needed 
to  get  a balanced  view.  This  will  include  "scientific"  and  "attitu- 
dinal"  data:  those  who  benefit,  those  who  pay,  where  and  when. 

(c)  GENERATING  ALTERNATIVES 

Use  a process  that  will  generate  a set  of  feasible  alternatives.  In 
extreme  cases,  only  one  feasible  alternative  may  be  found.  This 
process  should  be  creative  and  open  minded. 

(d)  ANALYSIS  AND  EVALUATION  OF  ALTERNATIVES 

Develop  a procedure  to  evaluate  alternatives.  This  should  be  a two- 
component  process;  one  based  on  a bounded  rational  process  using 
scientific  methods,  the  other  using  a procedure  to  consider  values. 

(e)  SELECT  AN  ALTERNATIVE 

Select  an  alternative,  giving  due  consideration  to  ease  of  implemen- 
tation. 

(f)  MONITOR 

Monitor  the  decision  so  that  a need  to  respond  to  new  factors  can  be 
detected. 

Finally,  there  is  need  for  a procedure  that  ensures  that  the  steps  listed 
above  are  followed  and  repeated  from  time  to  time.  Dooley  (1980)  has  referred  to 
the  latter  as  "decision  management". 


5.4  TECHNIQUES  FOR  COMPARING  ALTERNATIVES 

As  already  discussed,  public  risk  management  is  generally  characterized  by 
multiple  alternatives,  conflicting  objectives  and  interests,  long-term  consequences 
and  uncertainty.  Figure  5.1  is  a convenient  way  to  summarize  these  characteristics; 
each  matrix  element  in  the  figure  contains  information  about  the  effect  of  an  alter- 
native on  an  interest  group  with  respect  to  a criterion  (objective)  at  a particular 
point  in  time.  One  of  the  important  features  of  risk  management  is  that  there  is 
uncertainty  about  the  content  of  some  of  these  matrix  elements. 

Several  techniques,  each  with  numerous  variants,  have  been  developed  to  com- 
pare alternatives,  by  weighing  the  trade-offs  between  them,  and  to  specify  the 
alternative  that  should  be  chosen.  One  of  the  most  important  of  these  techniques  is 
"cost-benefit  analysis".  Each  evaluation  technique  seeks  to  arrive  at  an  overall 
value  for  each  alternative,  in  order  to  allow  comparison.  These  values  are  purported 
to  represent  the  values  to  society  of  the  alternatives.  Each  technique,  therefore, 
implies  either  explicitly  or  implicitly,  a social  welfare  function  with  assumptions 
about  the  relative  importance  of  the  various  criteria,  interest  groups  and  effects 
over  time  in  order  to  make  the  necessary  trade-offs.  The  types  of  criteria  that  can 
be  considered,  the  choice  of  measurement  scale  and  valuation  for  the  criteria,  the 
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Fig.  5.1  Structure  of  information  for  risk  management  decision-making 


treatment  of  risk  and  uncertainties,  and  the  method  of  considering  the  distribution 
of  effects  can  significantly  affect  the  practicality  of  using  an  evaluation  tech- 
nique, and  the  validity  and  acceptability  of  its  results.  Most  techniques,  there- 
fore, force  certain  bounds  within  "bounded  rationality".  References  by  Hill  (1968), 
Keeney  and  Raiffa  (1976),  Baram  (1980),  Lifson  (1972),  Mishan  (1975),  Nat.  Academy 
of  Eng.  (1972),  Raiffa  (1968)  and  Treasury  Board  (1976),  among  numerous  others, 
explain  these  techniques. 


5.4.1  COST-BENEFIT  ANALYSIS 

Cost-benefit  analysis  (CBA)  is,  in  theory,  a method  for  comparing  alternatives 
on  the  basis  of  economic  efficiency,  i.e.  the  degree  to  which  each  alternative 
contributes  to  society's  wealth,  as  measured  by  certain  economic  criteria.  Only 
those  objectives  which  affect  this  economic  wealth  are  considered.  An  overall  value 
(termed  "net  present  value")  is  calculated  for  each  alternative  in  monetary  units, 
requiring  that  all  of  the  benefits  and  costs  be  valued  in  monetary  terms.  The 
valuations  of  these  benefits  and  costs,  which  indicate  the  relative  importance  of 
the  different  effects,  are  made  on  the  basis  of  economic  criteria,  independent  of  a 
decision-maker's  preferences.  Thus,  cost-benefit  analysis  fits  the  framework  of 
objective  rationality.  Costs  and  benefits  which  are  to  occur  in  the  future  are  made 
comparable  by  using  a discount  rate  (which  is  similar  to  interest  rates),  and  risks 
can  be  incorporated  in  a cost-benefit  analysis  by  using  the  expected  (average) 
values  of  uncertain  outcomes,  the  estimation  of  which  is  a significant  practical 
problem.  The  addition  of  risk  premiums  to  the  discount  rate  has  also  been  suggested 
in  order  to  "penalize"  the  values  of  future  uncertain  effects,  though  a method  for 
choosing  appropriate  "premiums"  has  not  been  adequately  addressed. 

To  illustrate  this  method,  consider  the  hypothetical  problem  of  choosing 
between  three  types  of  safety  controls  to  be  used  at  a chemical  plant.  The  criteria 
are  assumed  to  be  initial  cost,  incidence  of  cancer,  and  expected  accidental 
deaths.  Other  costs  and  benefits  are  assumed  to  be  the  same  across  the  three 
alternatives.  (In  an  actual  case,  the  list  of  criteria  would  be  much  longer.)  As 
shown  in  Table  5.4,  each  alternative  meets  these  criteria  to  a different  degree,  and 
none  is  best  in  all  regards. 

The  problem  is  to  combine  the  criteria  in  such  a way  as  to  identify  the  best 
alternative.  Cost-benefit  analysis  does  this  by  assigning  a monetary  value  to  each 
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criterion.  Therefore,  if  each  accidental  death  and  cancer  case  is  assumed  to  be 
valued  at  $300,000  and  $100,000,  respectively,  based  as  economic  criteria  such  as 
loss  of  future  earnings  and  the  cost  of  medical  care,  using  a 10%  discount  rate  and 
a 50-year  period  of  operation  for  the  factory,  the  present  value  of  these  costs  for 
alternative  A is  given  by: 


PVa=$5,000,000  + 


50 

„ 3 x $100,000  + 
1 (l+O.IOjt 
t=1 


50 

„ 0.35  x $300,000 
L (1+0.10)L 
t=1 


= $5,000,000  + $2,975,000  + $1,041,000  = $9,016,000 


Similarly,  the  present  values  for  alternatives  B and  C are  $10,085,000  and 
$8,958,000,  respectively.  Since  C has  the  lowest  present  value  of  costs  it  should 
be  preferred  according  to  the  cost-benefit  analysis. 


Several  considerations  are  not  included  in  conventional  cost-benefit  analysis, 
however.  For  example,  cost-benefit  analysis  ignores  "equity",  i.e.  the  distribution 
of  costs  (including  risks)  and  benefits,  by  considering  only  the  aggregate  of  all  of 
these  values  across  the  different  groups;  no  distinction  is  made  as  to  who  benefits 
and  who  pays.  Another  problem  is  that  consequences,  such  as  pain  and  suffering, 
which  either  do  not  affect  social  wealth  or  upon  which  no  monetary  values  can  be 
placed,  are  ignored,  and  as  stated  earlier,  economic  criteria  rather  than  human 
preferences  determine  valuations.  One  can  imagine  the  restrictions  this  places  on 
the  valuations  of  consequences  such  as  loss  of  life. 


In  summary,  conventional  cost-benefit  analysis  for  the  evaluation  of  alterna- 
tives in  risk  management  can  be  a valuable  tool  for  measuring  each  alternative's 
economic  effect.  This  is  an  important  factor,  though  not  the  only  one,  that  should 
be  considered  in  an  evaluation. 


Modifications  can  be  made  to  conventional  cost-benefit  analysis  to  incorporate 
non-economic  factors.  Many  of  these  changes  move  the  technique  from  the  realm  of 
objective  to  subjective  rationality.  Subjective  preferences  can  be  applied  to  the 
weighting  of  criteria  or  of  different  interest  groups.  With  the  use  of  weights,  any 
criterion  can  be  considered.  For  example,  Hettich  (1971)  has  suggested  a method  for 
including  distributional  concerns  within  the  cost-benefit  analysis  framework  by 
undertaking  the  analysis  for  each  interest  group  separately  and  then  combining  these 
results  according  to  stated  preferences  for  the  different  groups.  The  difficulties 
in  estimating  weights  can,  however,  be  a major  source  of  concern. 


5.4.2  COST-EFFECTIVENESS  AND  RISK  BENEFIT  ANALYSIS 

Cost-benefit  analysis  requires  that  all  effects  be  valued  on  a monetary  scale 
in  order  to  arrive  at  a single  overall  value  for  each  alternative.  Cost-effective- 
ness analysis,  on  the  other  hand,  acknowledges  the  difficulty  (or  impossibility)  of 
explicitly  valuing  benefits  (effectiveness)  in  the  same  units  as  costs.  In  risk 
management  problems  "effectiveness"  might  be  a measure  of  risk,  such  as  the  probabi- 
lity of  no  system  failure,  and  "cost"  miqht  be  an  economic  measure  of  the  system  net 
costs  or  benefits,  perhaps  based  on  a cost-benefit  analysis.  Hence  this  is  some- 
times referred  to  as  risk-benefit  analysis. 

For  the  chemical  plant  example  (Table  5.4),  effectiveness  could  be  expected 
annual  accidental  deaths,  and  net  costs  could  be  the  present  value  of  the  initial 
and  health  effects  costs.  The  combination  of  costs  and  effectiveness  for  the  three 
alternatives  are  shown  in  Fiq.  5.2,  where  each  point  corresponds  to  a different 
alternative.  The  points  have  been  joined  to  form  a cost-effectiveness  curve,  assu- 
ming that  a large  number  of  alternatives  is  available.  The  shape  illustrated, 
showing  first  an  increasing  slope  and  then  a decreasing  slope,  is  typical  since  we 
can  often  achieve  considerable  improvements  with  initial  sums  of  money,  but  even- 
tually it  becomes  increasingly  expensive  to  do  much  better.  The  hatched  area  of 
Fig.  5.2  represents  families  of  solutions,  all  of  which  are  less  cost-effective  than 
those  on  the  curve.  In  the  unhatched  area,  no  solutions  are  possible. 
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The  decision-maker  must  decide  which  combination  of  effectiveness  and  net  cost 
is  best.  For  example,  he  might  choose  alternative  A believing  that  compared  with 
alternative  C,  the  increased  effectiveness  is  worth  the  additional  cost,  but  that  it 
is  not  worthwhile  to  achieve  the  additional  effectiveness  of  alternative  B.  Alter- 
natively, he  might  choose  the  alternative  that  simply  achieves  a chosen  minimum 
acceptable  level  of  effectiveness  (such  as  minimum  acceptable  risk).  Notice  that 
this  does  not  require  an  explicit  valuation  of  effectiveness  relative  to  the  costs. 
When  effectiveness  is  a measure  of  risk,  the  decision-maker  must  make  assumptions 
about  society's  attitudes  toward  both  taking  risks  and  accepting  different  degrees 
of  effectiveness,  e.g.  the  valuation  of  the  probabilities  of  system  failure,  when 
making  a decision.  Though  not  needing  to  define  these  preferences  explicitly  sim- 
plifies the  analysis,  it  makes  the  evaluation  and  selection  less  open  to  scrutiny 
and  possibly  more  arbitrary. 

Closely  related  to  cost-effectiveness  analysis  is  the  concept  of  marginal 
(additional)  cost  for  a unit  increase  in  effectiveness;  for  example,  the  cost  per 
life  saved.  This  quantity,  as  measured  by  the  slope  of  the  cost-effectiveness 
curve,  can  be  very  useful  when  addressing  the  basic  problem  of  rationally  allocating 
limited  funds  among  a number  of  different  programs,  each  of  which  can  contribute  to 
increased  effectiveness  at  different  costs.  For  example,  government  can  save  lives 
through  programs  in  highway  safety,  medical  diagnosis  and  air  pollution  control. 
Because  its  budget  is  limited,  however,  the  government  must  address  the  question  of 
how  much  should  be  spent  on  each  program. 

In  order  to  optimize  the  effectiveness  of  a set  of  programs,  it  is  often  best 
to  allocate  funds  so  that  at  the  margin  the  cost  per  unit  of  effectiveness  is  the 
same  for  all  projects.  However,  considerations  other  than  safety  also  may  be  impor- 
tant to  the  decision-maker,  e.g.  jobs  in  an  economically  depressed  part  of  the 
country. 

Some  estimates,  albeit  crude  ones,  have  been  made  (for  example  see  Tables  1.1 
and  5.3)  of  the  cost  of  saving  lives  in  various  types  of  programs.  Not  surprisingly, 
these  costs  per  life  saved  vary  greatly,  over  several  orders  of  magnitude.  There  is 
a possibility,  therefore,  that  governments  could  readjust  spending  priorities  either 
to  save  many  more  lives  for  the  same  total  cost  or  to  save  the  same  number  of  lives 
for  significantly  less  cost.  Of  course,  the  benefits  from  many  programs  are  not 
solely  in  terms  of  lives  saved,  and  comparisons  of  cost  per  life  saved  do  not 
address  the  question  of  choosing  a total  budget  for  a set  of  programs. 
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5.4.3  MULTI-CRITERIA  ANALYSIS 

Cost-effectiveness  analysis  is  relatively  easy  to  undertake  when  effectiveness 
is  in  terms  of  a single  measure.  However,  it  is  often  not  reasonable  to  define 
effectiveness  so  simply  and  the  evaluation  must  be  based  on  multiple  measures  of 
effectiveness.  To  help  decision-makers  make  trade-offs  between  multiple  criteria, 
several  techniques  have  been  suggested,  where  the  criteria  can  be  measured  in 
different  terms  which  are  then  collapsed  to  give  a single  measure  for  each 
alternative. 

One  of  the  simplest  methods  requires  information  on  only  the  ordering  in  rela- 
tive terms  of  the  measures  of  effectiveness,  e.g.  the  number  of  times  each  alter- 
native ranks  above  other  alternatives  with  respect  to  the  criteria.  In  Table  5.4, 
since  alternative  C is  better  than  each  of  the  other  two  alternatives  with  respect 
to  two  of  the  three  criteria  (capital  cost  and  health  effects),  it  would  be  the 
preferred  solution. 

The  flaw  in  these  ranking  methods  is  that  they  ignore  the  degree  to  which  the 
alternatives  differ  in  meeting  the  criteria;  they  also  ignore  differences  in  the 
importance  of  the  different  criteria.  In  effect,  these  techniques  assume  that  all 
criteria  are  equally  important.  The  results,  therefore,  can  be  highly  dependent 
upon  the  particular  way  in  which  the  criteria  are  stated. 

Another  major  class  of  multi-criteria  techniques  involves  the  rating  of  the 
alternatives  with  respect  to  each  criterion,  the  weighting  of  the  criteria  to  re- 
flect relative  importance,  and  then  the  combination  of  these  ratings  and  weights  to 
give  an  overall  rating  of  each  alternative,  using,  for  example,  a linear  weighting 
function. 

For  the  example  given  in  Table  5.4,  assuming  for  purposes  of  illustration  that 
weights  of  1,  1.5  and  4 are  assigned  for  initial  costs  (in  $ 10^),  annual  cancer 
cases  and  expected  annual  accidental  deaths,  respectively,  the  overall  rating  (using 
a linear  weighting  function)  for  alternative  A is: 

Ra=  1(5)  + 1.5(3)  + 4(0.35)  = 10.90 

Similarly, 

Rb=  1(6)  + 1.5(4)  + 4(0.04)  = 12.16 

Rc=  1(4)  + 1.5(2)  + 4(1.0)  = 11.0 

Since  RA  has  the  lowest  rating,  it  would  have  the  lowest  overall  "cost"  and 
thus  would  be  considered  to  be  best. 

Cost-benefit  analysis  is  a form  of  rating  technique  with  the  valuations  of 
benefits  and  costs  corresponding  to  the  weights.  The  reverse  is  also  true  - when  a 
rating  technique  is  used  with  both  monetary  and  non-monetary  objectives,  the  rela- 
tive weights  imply  a monetary  valuation  for  the  non-monetary  effects.  For  annual 
deaths  and  initial  costs  having  weights  of  4 and  1,  respectively,  a death  can  be  im- 
puted to  have  a value  (cost)  of  4/1/9.915  = 0.403  million  dollars,  where  9.915  is 
the  "present  value  factor"  using  a 10%  discount  rate  and  50  year  life  for  the 
factory. 

In  another  variation  of  the  rating  technique,  all  of  the  ratings  are  put  on  a 
common  scale,  such  as  0 to  10,  called  "scores",  which  are  then  weighted  to  yield  an 
overall  score  for  each  alternative.  Extensions  of  these  methods  have  been  suggested 
to  consider  different  interest  groups  by  evaluating  the  alternatives  for  each  group 
separately  (using  weights  appropriate  for  the  group)  and  then  weighting  the  groups. 


The  determination  of  appropriate  weights  is  crucial  to  the  usefulness  of  the 
results  of  a multi-criteria  evaluation.  Though  the  various  techniques  can  be 
useful,  no  method  can  be  relied  upon  alone  for  an  evaluation  in  risk  management. 
Rather,  each  should  be  considered  as  a tool  available  to  the  decision-maker. 
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5.4.4  DECISION  THEORY 

The  problem  facing  a decision-maker  is  twofold.  First,  he  needs  to  choose  the 
decision  criterion  that  is  most  appropriate  for  society.  Then,  he  must  identify  the 
alternative  decision  that  should  be  most  preferred  according  to  the  chosen  decision 
criterion.  Each  decision  criterion  implies  a different  psychological  premise 
concerning  attitudes  toward  either  taking  risks  or  the  probabilities  of  each  of  the 
possible  future  chance  events.  For  example,  society  might  be  highly  risk  averse 
with  respect  to  particular  outcome  such  as  loss  of  life. 

In  decision  analysis  which  uses  an  expected  utility  criterion,  it  is  generally 
helpful  to  prepare  a "decision  tree",  as  illustrated  in  Fig.  5.3  for  the 
hypothetical  chemical  plant  example.  Each  branch  of  the  tree  represents  either  a 
decision  or  a chance  event  that  may  occur  subseguent  to  a decision.  The  analyst 
must  estimate  the  probability  of  the  occurrence  of  each  event.  These  probabilities 
may,  for  instance,  be  based  on  empirical  evidence  or  on  an  expert's  subjective 
judgement.  Each  chance  event,  in  turn,  may  be  followed  by  other  decisions  and 
possible  events.  For  example,  the  tree  may  be  structured  with  multiple  stages  to 
allow  for  an  analysis  of  experience  gained,  with  data  helping  to  improve  estimates 
of  the  probabilities  of  the  chance  event  branches  in  the  following  stages. 


DECISIONS 


CHANCE  EVENTS 


OUTCOMES 


r I n i t i a 1 
Cost 


Number  Acci-\ 
,of  Cancer , dental j 
Cases  Deathsy 


Fig.  5.3  Decision  tree  for  hypothetical  example.  The  top  and  bottom  chance  event 
branches  for  Alternative  A are,  respectively:  no  accidents  over  the  life 
of  the  facility;  and  one  accident  each  year  (or  50  accidents).  The 
probability  of  no  accidents  is  (1.0-0.005)50  = 0.778  and  of  one  each  year 
is  (0.005)50  = 10-H5.  other  possible  chance  events  would  be  represented 
by  other  branches  and  appropriate  probabilities  of  occurrence  would  be 
estimated. 
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Each  path  on  the  tree  leads  to  the  outcomes  that  would  occur  if  the  corres- 
ponding sequence  of  decisions  and  events  were  to  happen.  Figure  3.3  shows  that 
initial  cost  and  annual  number  of  cancer  cases  are  the  same  for  each  chance  event 
for  a given  alternative.  However,  the  number  of  possible  accidental  deaths  over  the 
30  year  life  ranges  from  0-3500  for  alternative  A,  from  0-2000  for  alternative  B and 
from  0-5000  for  alternative  C.  Each  set  of  outcomes  is  then  assigned  a utility 
value  which  incorporates  the  decision-maker's  attitude  toward  taking  risks.  A major 
issue  in  the  use  of  decision  analysis  for  public  decisions  is  whose  preferences  to 
use,  since  utility  functions  are  defined  for  individuals.  The  alternative  that  has 
the  highest  expected  utility  is  best  in  a decision  analysis.  If  the  decision-maker 
is  highly  risk  averse  with  respect  to  accidental  deaths,  he  would  tend  to  prefer 
Alternative  B with  its  much  lower  risk  of  fatalities.  The  analysis,  however,  would 
consider  the  trade-offs  among  the  three  objectives. 

5.4.5  OTHER  APPROACHES 

In  the  techniques  discussed  above,  explicit  or  implicit  assumptions  are  made 
about  preferences.  An  alternative  procedure  that  does  not  require  a priori 

assumptions  about  distributional  issues,  or  comparisons  of  the  preferences  of  the 
different  interested  parties,  is  a collective  decision-making  process  with  implicit 
or  explicit  negotiations  or  mediation  between  the  parties.  In  this  type  of  process, 
these  parties,  rather  than  the  risk  manager,  identify  the  alternative  to  be 
recommended.  The  negotiations  in  this  process  may,  for  example,  focus  directly  on 
which  alternative  to  choose,  or  indirectly  on  the  choice  of  decision  criterion. 
Compensation  of  one  party  by  another  may,  for  instance,  be  part  of  the  compromise. 
Collective  decision-making  is  a practical  method  for  making  social  decisions  which 
may  result  in  a suitable  compromise  between  opposing  parties.  By  bringing  the 
interested  parties  into  the  decision-making  process,  the  parties  may  feel  that  they 
have  a stake  in  seeing  that  their  proposal  is  implemented.  Unfortunately,  a compro- 
mise may  not  always  be  reached. 

Within  this  framework,  it  is  the  task  of  the  risk  manager  to  help  the  interes- 
ted parties  reach  a compromise,  rather  than  dictate  a solution  for  them.  He  can 
provide  the  parties  with  organizational  advice,  and  can  illuminate  the  preferences 
and  preferred  alternative  of  each  party,  the  trade-offs  between  the  alternatives, 
and  areas  of  conflict  and  potential  compromise.  Public  participation  can  be  a 
valuable  part  of  this  approach. 


5.5  CONCLUDING  REMARKS 

Though  an  evaluation  of  alternative  decisions  can  be  difficult  and  time  consu- 
ming because  of  the  need  for  information  on  costs,  benefits,  risks  and  preferences, 
it  should  be  an  essential  element  of  risk  management.  Evaluation  techniques  should 
not,  however,  be  used  in  a "cookbook"  manner.  A needed  additional  ingredient  is  the 
ingenuity  of  a risk  manager  who  understands  the  techniques  (their  assumptions, 
etc.),  the  problem  being  studied,  and  the  purpose  and  use  of  the  evaluation.  The 
objective  should  be  to  understand  and  illuminate  the  significant  issues  and  trade- 
offs in  a problem,  recognizing  that  the  final  decision  cannot  rest  on  the  results  of 
an  evaluation  technique  alone.  The  process  will  be  facilitated  by  using  several 
techniques  and  comparing  the  results  obtained  or  by  using  an  appropriate  sensitivity 
analysis  to  study  the  effects  of  assumptions  made  in  the  evaluation.  This  should 
give  an  indication  of  the  robustness  of  a solution.  In  this  connection,  adaptive 
strategies  might  be  employed  so  that  if  an  alternative  scenario  begins  to  develop, 
the  risk  management  plan  can  be  adjusted  accordingly.  In  order  to  do  this,  an 
organized  effort  must  be  made  to  monitor  the  situation  at  regular  intervals.  It  may 
also  be  useful  to  conduct  evaluations  in  a hierarchical  fashion,  initially  doing  a 
simple  evaluation  to  "screen  out"  alternatives  that  appear  to  be  unpromising  and 
conducting  more  detailed  studies  on  the  fewer  remaining  solutions. 
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CHAPTER  6 

HEALTH-RISK  MANAGEMENT  IN  CANADA:  CURRENT  PRACTICES 

P.N.  Nemetz,  I.B.  Vertinsky  and  P.  Vertinsky 
University  of  British  Columbia,  Vancouver,  British  Columbia 


6.1  INTRODUCTION 

Virtually  no  human  endeavour  is  free  from  risk.  Whether  it  is  economic, 
political,  social  or  biological,  risk  is  an  inescapable  fact  of  everyday  life.  This 
chapter  describes  the  management  in  Canada  of  the  most  important  type  of  risk  - the 
threat  to  human  health  posed  by  a multitude  of  substances  and  activities  which  are  a 
product  of  industrialized  society.  Focussing  on  the  control  of  only  one,  albeit 
critical,  category  of  risk  still  entails  a subject  of  enormous  breadth  and  com- 
plexity. It  is  both  the  diversity  and  number  of  risks  to  health  as  broadly  defined 
which  pose  such  a challenging  problem  for  risk  management. 

Many  decisions  concerning  risk-taking  by  individuals  and  organizations  in 
Canada  are  made  in  the  framework  of  the  market  place.  Individuals  and  society  can 
often  modify  the  risks  associated  with  particular  activities  by  investing  scarce 
resources  (such  as  time,  effort  and  money)  in  ways  which  increase  levels  of  safety. 
For  example,  it  is  freguently  the  case  that  improved  training  for  job  performance, 
employment  of  safety  eguipment,  a reduction  in  the  pace  of  work  activity,  or  an 
increase  in  the  level  of  attentiveness  will  significantly  reduce  the  risk  involved 
in  a production  process. 

Decisions  taken  within  a market  framework  imply  that  each  individual  weighs 
the  costs  and  benefits  associated  with  activities  open  to  him  before  making  a 
choice.  This  decision  reflects  the  preferences  of  the  individual  and  his  percep- 
tions of  both  the  nature  and  probability  of  conseguences  with  alternative  courses  of 
action. 


Within  the  market  context,  different  organizations  may  operate  to  change  the 
nature  of  risk  taking  of  individuals  by: 

(a)  removing  the  risks  (e.g.  by  modifying  products  or  services 
through  research  and  development); 

(b)  reducing  the  price  of  risk  avoidance  activity  (e.g.  by  lowering 
the  cost  of  safety  eguipment,  offering  free  immunization  pro- 
grams, etc.); 

(c)  increasing  the  price  of  risk-taking  (e.g.  through  such  mecha- 
nisms as  raising  the  cost  of  insurance  policies); 

(d)  offering  incentives  to  improve  safety-enhancing  practices 
(e.g.  by  paying  people  to  participate  in  safety  training 
programs) ; 

(e)  improving  the  knowledge  of  individuals  of  risk-reducing  mea- 
sures (e.g.  by  using  the  mass  media  to  increase  awareness  of 
the  availability  and  effectiveness  of  particular  measures); 

(f)  disseminating  information  which  may  modify  the  perception  of 
risks  (e.g.  by  changing  conceptions  of  both  the  conseguences  of 
a particular  activity  and  the  associated  probabilities  of  these 
conseguences);  and, 

(g)  attempting  to  modify  the  tastes  of  people  for  risk-taking 
(e.g.  through  the  use  of  advertising  which  focusses  upon  the 
virtues  of  risk  avoidance). 

In  the  long  run,  many  of  the  attitudes  and  perceptions  which  determine  risk- 
taking behaviour  in  a market  system  are  acguired  through  processes  which  influence 
the  development  of  social  norms  of  risk  acceptance.  These  include,  for  example, 
activities  associated  with  the  training  of  professionals  whose  occupations  are 
related,  either  directly  or  indirectly,  to  hazard  management  (e.g.  doctors  and 
engineers) . 
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Professions  develop  many  explicit  and  implicit  standards  for  risk  exposure 
associated  with  the  activities  they  control.  These  standards  are  inculcated  during 
training  or  apprenticeship.  Doctors  are  bound  by  a specific  code  of  ethics  and  are 
subjected  to  peer  review  which  increases  their  inclination  to  adhere  to  the  explicit 
norms  of  the  profession. 

Other  explicit  standards  relating  to  risk  reduction  include  codes  for  the 
design,  manufacture,  testing  and  use  of  materials.  Such  codes  are  propagated  by 
such  groups  as  the  Canadian  Standards  Association  (CSA),  the  American  Society  for 
Testing  Materials  (ASTM),  the  American  Society  of  Mechanical  Engineers  (ASME)  and 
the  American  Iron  and  Steel  Institute  (AISI).  The  codes  developed  by  these  organi- 
zations are  now  used  almost  automatically  in  the  manufacture  of  many  essential 
commodities. 

The  professions  play  an  important  but  not  exclusive  role  in  the  development  of 
voluntary  norms  of  risk  management.  Insurance  companies,  for  example,  also  promote 
the  development  and  adoption  of  safety  standards.  On  the  initiative  of  the  federal 
and  provincial  governments,  industry  and  different  public  interest  groups,  a variety 
of  organizations  have  emerged  which  are  concerned  with  issues  of  safety  (e.g.  the 
Canadian  Standards  Association).  The  most  dominant  role,  however,  in  the  voluntary 
risk  management  sector  is  played  by  the  government.  Governments  can  promote  the 
adoption  of  safety  standards  even  without  the  direct  use  of  coercive  powers. 
Support  of  research  and  development  for  safety,  promotion  of  safety  through  spending 
on  risk  prevention  measures,  and  mass  media  campaigns  to  improve  safety  practices 
are  only  a few  of  the  many  measures  used  by  government  to  secure  risk  management 
goals  through  indirect  and  market-related  mechanisms. 

Although  numerous  decisions  concerning  risk-taking  by  individuals  and  organi- 
zations in  Canada  are  made  in  a market  framework,  this  process  nevertheless  fails  in 
many  instances  to  balance  the  social  costs  and  benefits  of  consumption  patterns  and 
behaviour  involving  significant  dangers  to  human  health.  A major  reason  for  market 
failure  lies  in  the  existence  of  negative  externalities  - costs  imposed  upon  members 
of  society  who  are  not  directly  involved  in  the  decision-making  process.  In  these 
cases,  government  intervention  may  be  necessary  to  protect  the  innocent  bystander. 
A further  rationale  for  a government  presence  in  the  market  place  occurs  when  deci- 
sions taken  today  impose  irreversible  penalties  on  future  generations.  Those 
members  of  our  society  who  are  as  yet  unborn  are  "innocent  bystanders"  to  the 
activities  of  the  current  generation. 

Market  failure  occurs  not  only  in  the  presence  of  externalities,  but  also  when 
there  is  inadequate  information  for  rational  decision-making  by  consumers.  It  is 
also  important  to  note  that  the  mere  provision  of  information  by  the  government  may 
not  be  sufficient,  since  the  capacity  of  individuals  to  receive  and  process  informa- 
tion is  limited  and  processing  itself  is  expensive. 

Government  can  fail  to  provide  adequate  protection  against  risk  when  it  has 
inadequate  information  (e.g.  about  thalidomide)  or  when  it  tries  to  balance  risks 
against  benefits  as  perceived  by  major  segments  of  society.  (See  the  case  study  on 
cigarette  smoki,ng.) 

Despite  a national  ideological  commitment  to  the  concept  of  consumer  sove- 
reignty, risk  management  clearly  involves  a direct  regulatory  role  for  govern-ment 
in  Canada.  The  basic  process  of  regulation  in  this  country  is  bounded  by  constitu- 
tional limitations  on  the  powers  of  the  different  governments.  It  is,  therefore, 
appropriate  to  describe  the  domains  of  risks  and  control  measures  associated  with 
each  level  of  government.  Since  the  Canadian  legal  system  frequently  produces 
legislation  incorporating  only  general  guidelines  for  the  exercise  of  delegated 
powers,  it  is  also  necessary  to  describe  the  actual  process  of  developing  and  impo- 
sing specific  measures  which  reduce  risks.  In  particular,  this  chapter  focusses  on 
the  interactions  among  government,  industry,  unions  and  interest  groups  which  in- 
fluence the  process  of  regulation  development.  The  chapter  also  describes  the  im- 
plementation of  risk  management  decisions  and  assesses  the  ability  of  governments  in 
Canada  to  meet  their  risk  management  objectives  in  different  cases  of  exposure  to 
hazards.  This  assessment  considers  the  role  that  increasing  knowledge  and  the  socio- 
political system  play  in  determining  the  degree  of  protection  afforded  the  public. 
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6.2  THE  CONSTITUTION  AND  RISK  MANAGEMENT:  WHO  HAS  THE  POWER? 

The  Constitution  Act,  1982  and  the  Constitution  Act,  1867  (formerly  named  the 
British  North  America  Act  of  1867)  which  divide  lesgislative  power  between  the 
federal  Parliament  and  provincial  legislatures,  are  the  principal  documents  of  the 
Canadian  constitution.  The  Constitution  Act,  1867  enumerates  general  and  specific 
areas  of  federal  and  provincial  jurisdiction.  The  Charter  of  Rights  enacted  by  the 
Constitution  Act,  1982  provides  certain  constraints  on  the  power  of  the  federal  and 
provincial  governments.  The  nature  and  full  extent  of  these  constitutionally  gua- 
ranteed rights  remain  to  be  delineated  through  interpretation  by  the  courts. 

Section  91  of  the  Constitution  Act  1867  grants  the  federal  government  the  con- 
stitutional authority  "to  make  laws  for  the  peace,  order  and  good  government  of 
Canada".  Gibson  (1973)  suggests  that  powers  under  this  clause  provide  the  federal 
government  with  authority  to  deal  with  all  forms  of  pollution  which  cross  provincial 
boundaries  and  international  borders,  and  handle  special  emergencies  such  as  a 
large-scale  escape  of  poisonous  substances  to  the  environment.  Of  the  powers  enume- 
rated in  Section  91,  Franson  and  Lucas  (1977)  find  those  associated  with  criminal 
law  and  commerce  the  most  likely  to  be  of  use  in  dealing  with  hazardous  substances 
and  products. 

Section  92  of  the  Act  gives  the  provinces  wide  domains  of  jurisdiction. 
Provincial  legislatures  have  authority  within  their  boundaries  over  matters  of  manu- 
facturing, municipal  institutions,  property  and  civil  rights,  the  working  environ- 
ment and  waste  disposal.  Municipalities  are  also  involved  in  protecting  the  public 
from  certain  hazards  but,  since  they  are  created  by  provincial  legislation,  they  act 
principally  as  delegates  of  provincial  authority. 

The  Act  gives  both  the  federal  and  provincial  governments  powers  with  respect 
to  agriculture.  Both  levels  of  government  can  use  this  power  to  authorize  legisla- 
tion dealing  with  fertilizers,  feed  products,  and  pesticides.  Clearly,  it  is  the 
last  of  these  three  categories  which  represents  the  largest  potential  risk  to  human 
health. 


It  is  frequently  the  case  that  a particular  risk-generating  problem  will  fall 
within  the  jurisdiction  of  both  levels  of  government,  each  of  whom  may  view  it  from 
a different  perspective  or  choose  to  adopt  different  instruments  of  control.  For 
example,  in  water  pollution,  the  federal  government  may  exercise  environmental  con- 
trol through  legislation  protecting  fisheries,  while  a provincial  government  may 
choose  to  adopt  legislation  which  protects  the  public's  health  more  directly.  In 
cases  where  conflict  between  federal  and  provincial  legislation  exists,  the  federal 
legislation  takes  precedence.  Despite  this  fact,  a special  role  has  frequently 
evolved  for  federal  legislation  in  areas  of  duplication  in  such  fields  as  environ- 
mental control.  The  federal  government  determines  national  minimum  standards  of 
protection  for  the  public  and  the  environment,  while  permitting  provincial  authori- 
ties to  impose  higher  standards  to  meet  local  needs  and  aspirations.  In  areas  which 
are  clearly  within  provincial  control  (e.g.  occupational  safety)  the  federal  role  is 
confined  to  research  and  development  and  coordination  of  inter-provincial  informa- 
tion flows. 

Legislative  controls  of  man-made  risk  cover  a diverse  field  of  functions. 
Some  controls  are  aimed  at  the  general  environment,  including  the  water  we  drink  and 
the  air  we  breath,  while  others  are  directed  at.  specific  environments,  such  as  the 
workplace,  or  major  human  activities  such  as  driving.  The  model  of  protection  may 
vary  according  to  the  domain  regulated  and  the  authority  which  regulates  it. 


6.3  FEDERAL  LEGISLATION  FOR  PROTECTION  OF  THE  ENVIRONMENT 

The  major  federal  environmental  protection  acts  include: 

1.  the  Fisheries  Act; 

2.  the  Canada  Water  Act; 

3.  the  Clean  Air  Act; 

4.  the  Environmental  Contaminants  Act; 

3.  the  Pest  Control  Act;  and, 

6.  the  Transportation  of  Dangerous  Goods  Act. 
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The  first  three  of  these  acts  are  general  pollution  statutes.  The  Fisheries 
Act  prohibits  the  deposit  of  deleterious  substances  of  any  type  in  water  frequented 
by  fish  or  in  any  place  under  any  conditions  where  these  or  other  substances  which 
result  may  enter  such  water.  The  provisions  of  this  Act  are  very  broad,  making 
almost  any  discharge  to  water  frequented  by  fish  a violation.  While  it  may  appear 
that  fish  are  more  protected  than  man,  one  must  consider  the  Act  as  an  instrument 
for  protecting  the  general  environment  using  the  specifically  designated  federal 
power  to  deal  with  sea  coast  and  inland  fisheries. 

The  Canada  Water  Act  authorizes  the  establishment  of  water  quality  management 
areas  by  the  federal  government  in  collaboration  with  provincial  governments.  Since 
no  designated  water  management  areas  have  been  established,  the  law  does  not  yet 
offer  any  protection  from  water  pollution.  The  Act  offers  only  a potential  for  the 
coordinated  efforts  of  the  federal  and  provincial  governments. 

The  Clean  Air  Act,  like  the  Canada  Water  Act,  is  cast  in  general  terms  and  its 
implementation  depends  upon  further  government  action  - in  this  case,  the  promulga- 
tion of  specific  emission  standards.  This  act  gives  Cabinet  the  power  to  establish 
maximum  limits  on  emissions  from  stationary  sources  to  the  ambient  air  if  such 
emissions  impose  risks  to  health  or  are  in  violation  of  an  international  agreement. 
The  Act  also  permits  the  establishment  of  an  air  pollution  monitoring  network. 
Under  the  Act  the  Minister  responsible  for  its  administration  is  authorized  to 
formulate  national  ambient  air  quality  objectives.  These  objectives  propose  nume- 
rical values  for  the  atmospheric  concentrations  of  specific  substances  which  are 
considered  "desirable",  "acceptable"  or  "tolerable"  by  the  government.  The  objec- 
tives are  only  guidelines  and  are  not  legally  enforceable.  They  are  usually  deve- 
loped by  federal-provincial  subcommittees,  and  published  in  draft  form  in  the  Canada 
Gazette  for  comment.  The  Act  provides  broad  powers  of  inspection  and  information 
collection. 

The  Environmental  Contaminants  Act  overlaps  in  part,  the  domain  of  the  other 
general  pollution  control  acts.  "Environment  Canada  officials  maintain. .. (that  the 
Act). ..is  designed  for  a supplementary  role.  It  is  intended  to  cover  problems  that 
cannot  be  dealt  with  effectively  under  environmental  legislation"  (Franson  and  Lucas 
1977).  This  Act  is  specifically  designed  to  deal  with  "new"  and  more  exotic  pollu- 
tants which  have  largely  escaped  the  purview  of  earlier  environmental  laws  (Page 
1970).  It  is  jointly  administered  by  the  federal  Ministers  of  the  Environment  and 
National  Health  and  Welfare.  Where  they  have  reason  to  believe  that  a substance  may 
enter  the  environment  in  quantities  or  concentrations  that  may  constitute  a danger 
to  human  health  or  the  environment,  the  ministers  are  authorized  to: 

1.  require  commercial  producers  of  that  substance  or  class  of  sub- 
stances to  notify  the  government  of  such  activities  and  provide 
information  about  the  substances;  and, 

2.  require  producers  and  importers  of  the  substance,  or  any  pro- 
duct containing  it,  to  conduct  any  tests  which  the  mini-sters 
may  reasonably  require. 

Where  a person  manufactures  or  imports  for  the  first  time  a chemical  compound 
in  excess  of  500  kg,  he  must,  within  three  months,  notify  the  government  of  the  name 
of  the  compound,  the  quantity  manufactured  or  imported  during  that  year,  and  any 
information  in  his  possession  about  any  danger  to  human  health  or  to  the  environment 
posed  by  the  compound.  After  consultation  with  industry  and  the  provinces,  the 
federal  government  may  prepare  proposals  for  regulation.  These  proposals  must  be 
published  in  the  Canada  Gazette,  following  which  there  is  a period  of  60  days  during 
which  objections  to  the  proposed  regulation  can  be  filed.  Objections  are  studied  by 
a special  Environmental  Contaminants  Board  of  Review  which  is  established  specifi- 
cally for  this  purpose.  The  Board  makes  recommendations  to  the  Minister  of  the 
Environment  but  he  is  not  legally  obligated  to  accept  them.  After  these  procedures 
have  been  followed,  Cabinet  may  make  the  final  regulations  effective.  The  Act  pro- 
vides broad  powers  of  inspection  and  seizure  to  ensure  that  regulations  are  obeyed. 
In  emergency  cases,  Cabinet  may  suspend  this  lengthy  procedure  and  make  regulations 
effective  immediately.  One  should  note  that  the  right  to  object  and  involve  the 
government  in  an  expensive  review  process  effectively  deters  government  from  intro- 
ducing regulations  without  an  extensive  consultation  process  with  industry  and  other 
affected  parties. 
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Like  many  other  pieces  of  federal  environmental  control  legislation,  the 
Environmental  Contaminants  Act  is  an  enabling  statute  which  becomes  meaningful  only 
when  specific  regulations  are  made  under  it.  The  wide  powers  of  enabling  acts,  how- 
ever, have  an  important  psychological  value;  they  create  industry  expectations  which 
result,  at  times,  in  voluntary  compliance  without  the  need  for  formal  regulation. The 
broad  powers  which  are  delegated  by  an  enabling  act,  however,  also  create  uncertain- 
ties which  may  inhibit  some  of  their  useful  economic  functions. 

The  federal  Pest  Control  Products  Act  requires  the  registration  of  all  pesti- 
cides and  adherence  to  restrictions  on  storage,  packaging  and  labelling.  The  regis- 
tration process  is  prescribed  by  regulations  under  the  Act. 

The  federal  Transportation  of  Dangerous  Goods  Act  (1980)  prescribes  safety 
requirements  for  the  movement,  by  any  means  of  transport,  of  dangerous  materials 
both  within  Canada  and  across  the  nation's  international  borders.  The  classes  of 
goods  covered  by  the  Act  include:  explosives;  compressed,  refrigerated,  liquefied  or 
dissolved  gases;  flammible  and  combustible  liquids;  flammible  solids;  oxidizing  sub- 
stances; poisonous  (toxic)  and  infectious  substances;  radioactive  materials;  and 
corrosives.  The  Act  provides  for  the  inspection  of  dangerous  goods  and,  in  the 
event  of  an  infraction,  includes  provisions  for  seizure,  removal  or  forfeiture  of 
goods,  and  recovery  of  costs  resulting  from  emergency  threats  to  public  safety. 
Major  substances  exempted  from  the  Act  are  oil  and  gas  transported  by  pipeline,  and 
goods  transported  in  bulk  (i.e.  confined  only  by  the  permanent  structure  of  a ship 
or  vessel,  without  intermediate  containment  or  packaging). 


6.4  PROVINCIAL  LEGISLATION 

"General  pollution  control  statutes  exist  in  all  the  provinces.  These  esta- 
blish regulatory  schemes  based  on  permits  or  approvals  to  regulate  the  discharge  of 
contaminants  into  air,  water  or  land"  (Franson  and  Lucas  1977). 

The  British  Columbia  Pollution  Control  Act  (1967),  for  example,  established  a 
Pollution  Control  Board  appointed  by  the  provincial  government  to  oversee  the  opera- 
tion of  the  Pollution  Control  Branch.  The  Board,  after  public  hearings,  develops  a 
set  of  objectives  for  different  industries.  These  objectives  are  merely  guidelines, 
as  the  emissions  by  industry  to  air,  land  or  water  are  controlled  by  a system  of 
site-specific  permits.  These  permits  are  issued  by  the  Director  of  the  Pollution 
Control  Branch  who  enjoys  considerable  discretion  in  their  issuance. 

The  Ontario  Environmental  Protection  Act  (1971,  amended  1972  and  1979)  is  the 
principal  instrument  in  that  province  for  controlling  discharges  of  pollutants.  The 
Act  prohibits  discharge  into  the  natural  environment,  especially  the  air,  of  any 
contaminant  in  an  amount  or  concentration  in  excess  of  that  prescribed  by  regula- 
tions. The  Ministry  of  the  Environment  may  issue  a stop  order  to  those  who  dis- 
charge emissions  which  constitute  an  immediate  danger  to  human  life.  A 1979  amend- 
ment to  the  Act  introduces  strict  liability  for  loss  or  damage  incurred  as  a direct 
result  of  the  spill  of  a pollutant  that  causes  or  is  likely  to  cause  adverse  effects 
(see  Sections  68i[2]  and  [6]).  Water  pollution  in  Ontario,  however,  is  primarily 
dealt  with  by  regulations  developed  under  the  Ontario  Water  Resources  Act  (1970, 
amended  1972).  This  Act  prohibits  the  discharge  of  any  substance  which  may  impair 
the  quality  of  water.  This  impairment  is  considered  to  have  occurred  if  materials 
deposited  or  discharged  cause  or  may  cause  injury  to  any  person,  animal,  bird  or 
other  living  thing  as  a result  of  the  use,  consumption  or  contact  with  the  water. 

Most  provinces  have  similar  pollution  control  statutes  which  cover  all  media 
of  discharges  (water,  air  and  land).  Alberta  and  Saskatchewan  have  separate  water 
and  air  pollution  control  acts.  The  basic  legislative  models  for  provincial  envi- 
ronmental protection  typically  include  a system  of  permits  and  regulations  or  guide- 
lines which  specify  different  parameters  of  quality.  In  addition,  provincial  legis- 
lation grants  powers  to  the  appropriate  agencies  to  issue  orders  to  modify  or  stop 
emissions.  Legislation  authorizes  information  collection  for  both  general  research 
and  specific  monitoring  purposes. 

A 1981  amendment  to  the  Saskatchewan  Department  of  the  Environment  Act  allows 
the  Minister  to  order  an  immediate  clean-up,  pending  a later  determination  of  liabi- 
lity (Section  12.21).  The  amendment  adopts  the  principle  of  absolute  liability  with 
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regard  to  loss  or  damage  (sections  12.9[4]  and  [5]).  Differences  that  do  exist 
among  the  provinces  in  the  area  of  pollution  control  are  a function  not  only  of 
disparate  laws  and  regulations  but  also  historical  differences  in  the  exercise  of 
discretion  by  provincial  agancies. 

To  fill  any  important  legislative  gaps  still  remaining  in  the  field  of  envi- 
ronmental protection,  some  provinces  are  considering  model  legislation  similar  to 
the  federal  Environmental  Contaminants  Act.  The  Alberta  Hazardous  Chemical  Act  of 
1978  is  an  example  of  such  legislation  which  may  be  used  to  manage  anticipated  risks 
associated  with  the  handling  and  disposal  of  toxic  wastes  on  land. 


6.5  COMMON  AND  CIVIL  LAW 

In  additon  to  statutory  regulations,  the  common  law  retains  an  important  role, 
at  least  potentially,  in  the  protection  of  the  environment  and  individuals  from  cer- 
tain types  of  hazards.  However,  several  factors  have  mitigated  the  usefulness  of 
common  law  actions  in  the  Canada  context.  Historically,  the  most  important  has  been 
the  bar  to  class  actions:  "the  machinery  of  a representative  suit  is  absolutely 
inapplicable"  (Markt  & Co.  versus  Knight  Steamship  Co.  (1910  2 K.B.  1021  at  1035 
[C.A.]).  This  can  be  contrasted  with  judicial  decisions  in  the  United  States  where 
the  Supreme  Court  has  ruled  that  individuals  can  proceed  as  a group  where  they  are 
the  direct  beneficiaries  of  a resource  and  will  be  denied  continued  use  unless  they 
can  proceed  in  court  (Sierra  Club  versus  Morton,  405  U.S.  727  [1972]).  There  has 
been,  however,  some  recent  weakening  of  the  class  action  prohibition  in  Canada  (see 
Thorson  versus  The  Attorney  General  of  Canada  (1975)  S.C.R.138  and  Stein  versus  The 
City  of  Winnipeg).  Such  actions  are  now  allowed  under  specific  circumstances  where 
there  is  a common  interest  or  identity  of  situation  among  the  members  of  a narrowly 
defined  class  (see  Naken  et  al.  versus  General  Motors  of  Canada  Ltd.  et  al.  (1978) 
92  D.L.R. (3rd)  at  100). 

In  addition,  a defense  of  statutory  authority  may  be  applicable.  This  may  be 
a sustainable  defense  if  a defendant  has  been  authorized  to  do  something  which  can- 
not be  carried  out  without  damage,  and  provided  that  the  defendant  does  not  act 
negligently  (Luiden  1966;  McLaren  1973).  This  defense  appears  to  be  limited  to 
cases  where  the  acts  are  required,  rather  than  permitted. 

Potential  damages  under  common  law  are  enormous  as  some  recent  cases  in  the 
United  States  reveal.  Allied  Chemical  Company  has  paid  at  least  $12  million  dollars 
in  damages  and  a large  but  undetermined  number  of  suits  have  been  settled  out  of 
court  (Pfennigstorf  1979;  Goldfarb  1978).  Recently,  in  Puerto  Rico  versus  S.S.  Zoe 
Colocotroni  (456  F.  Supp.  1327  [D.P.R.  1978]),  the  defendants  were  held  liable  for 
five  million  dollars  for  the  replacement  of  marine  animals  alone. 

Under  the  civil  law  of  Quebec,  there  are  only  limited  remedies  available  for 
protection  of  environmental  risks. 

Private  law  recoanizes  two  types  of  remedy  against  the  industry 
responsible  (for  pollution):  the  injunction  and  the  action  for 
damages....  The  injunction  is  a drastic  remedy. If  granted  it 
will  either  result  in  the  closing  of  the  plant,  or  necessitate 
considerable  expenditure  in  equipment  and  labour.  The  court 
does  not  concern  itself  with  the  practical  difficulties  that  an 
industry  might  have  to  face  in  complying  with  the  court  order. 

Some  famous  decisions  have  thus  simply  ordered  companies  to 
stop  polluting  the  atmosphere. ... (Giroux  and  Kenniff  1977). 

Balance  of  convenience  must  be  taken  into  account  when  the 
injunction  requested  is  an  interlocutory  injunction.  When  a 
permanent  injunction  is  requested,  the  judge  must  limit  him- 
self to  considering  the  merit  of  the  claim  (Giroux  and  Kenniff 
1977). 
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The  second  type  of  remedy  in  Quebec  consists  of  action  for  damages  based  on 
Article  1053  of  the  provincial  Civil  Code.  The  applicant  must  establish  the  damage, 
the  fault  committed  by  the  respondent,  and  a causal  link  between  the  damage  and  the 
fault.  In  cases  concerning  pollution, 

the  courts  have  added  a particular  gloss  (sic)  to  the  rule 
based  on  the  theory  of  troubles  de  voisinage  (roughly  analogous 
to  the  common  law  of  private  nuisance).  An  enterprise  (regard- 
less of  its  title  to  the  land)  is  considered  responsible  for 
any  damage  to  adjacent  areas  caused  by  its  activity  when  such 
loss  exceeds  the  normal  inconveniences  of  the  area  (Giroux  and 
Kenniff  1977). 

These  remedies  are  problematic  when  applied  to  toxic  substances  with  long  latency, 
since  there  is  a time  limit  on  damage  suits.  Futhermore,  the  special  rules  appli- 
cable to  situations  of  troubles  de  voisinaqe  require  geographical  adjacency  between 
the  source  of  the  nuisance  and  the  place  of  damage. 

In  1978,  Quebec  enacted  lesgislation  specifically  outlining  procedures  to  be 
followed  in  class  actions.  (See  An  Act  Respecting  the  Class  Action,  1978  Statutes 
and  Laws,  Chapter  8,  Bill  39;  and  Code  of  Civil  Procedure,  Book  9,  article  999  ff. ). 
Of  particular  note  is  the  establishment  of  a fund,  called  the  "Fonds  d'aide  aux 
recours  collectifs",  which  may  grant  financial  assistance  for  the  preparation  or 
bringing  of  a class  action. 


6.6  INTERNATIONAL  AGREEMENTS 

Another  element  of  the  formal  legal  system  in  Canada  concerns  the  country's 
international  obligations.  One  of  the  most  important  of  these  is  the  Boundary  Water 
Treaty  of  1909  that  provided  for  the  establishment  of  the  International  Joint 
Commission  (IJC).  The  IX  is  a permanent  intergovernmental  advisory  body  consisting 
of  three  members  appointed  by  Canada  and  three  by  the  United  States.  The  Treaty 
stipulates  that: 

boundary  waters  and  waters  flowing  across  the  boundary  shall 
not  be  polluted  on  either  side  to  the  injury  of  health  and 
property  on  the  other. 

The  Commission  is  asked  by  both  governments,  from  time  to  time,  to  examine  and 
report  on  any  questions  or  matters  of  difference  concerning  their  obligations  to 
each  other.  The  IJC  has  carried  out  several  water  pollution  investigations  (e.g.  in 
the  Great  Lakes,  the  St.  Croix  River,  the  Rainy  River  and  the  Red  River).  It  has 
also  been  active  in  the  air  pollution  field  (e.g.  the  Trail  Smelter  Tribunal,  the 
Windsor-Detroit  investigations). 

In  1972  the  governments  of  Canada  and  the  United  States  entered  into  an  Agree- 
ment on  Great  Lakes  Water  Quality.  A more  recent  agreement  was  signed  on  November 
22,  1978.  A stated  policy  of  both  countries  is  that: 

the  discharge  of  toxic  substances  in  toxic  amounts  be  prohibi- 
ted and  that  the  discharge  of  any  or  all  persistent  substances 
be  virtually  eliminated  (G.  L.  Water  Quality  Agreement  1978). 

In  addition  to  being  a general  policy  statement,  the  agreement  also  details  specific 
international  objectives  which  represent  minimum  levels  of  water  quality  desired  in 
the  boundary  waters  of  the  Great  Lakes  system.  These  minimum  objectives  are  not  in- 
tended, however,  to  prevent  the  establishment  of  more  stringent  national  requi- 
rements. 

The  IJC  and  the  parties  to  the  agreement  are  charged  with  the  task  of  perio- 
dically reviewing  the  specific  objectives  and  making  appropriate  recommendations. 
Canada  and  the  United  States  have  the  responsibility  of  developing  requirements  in 
their  respective  jurisdictions  which  shall  be  consistent  with  the  achievement  of 
both  the  general  and  specific  objectives  of  the  agreement. 
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Canada  also  participates  in  other  international  agreements  which  are  concerned 
either  directly  or  indirectly  with  risk  reduction.  By  way  of  example,  this  country 
is  party  to  the  Codex  Alimentarius,  a collection  of  internationally  adopted  food 
standards  jointly  sponsored  by  the  World  Health  Organization  and  the  Food  and  Agri- 
culture Organization.  Aimed  at  "protecting  consumers'  health  and  ensuring  fair 
practices  in  the  food  trade",  the  code  "includes  provisions  in  respect  of  food  hy- 
giene, food  additives,  pesticide  residues,  contaminants,  labelling  and  presentation, 
methods  of  analysis  and  sampling"  (U.N.  1975). 


6.7  THE  WORK  ENVIRONMENT 

Protection  from  hazards  in  the  workplace  is  mainly  the  object  of  provincial 
jurisdiction.  Regulation  by  the  provinces  is  the  responsibility  of  diverse  depart- 
ments, agencies  and  boards,  including  Labour,  Mines,  Health  and  Workers'  Compensa- 
tion. The  focus  and  administrative  means  of  regulation  and  enforcement  vary  among 
provinces,  but  a trend  toward  integration  of  workplace  protection  functions  is 
developing. 

All  provinces  have  enacted  industrial  safety  legislation  (Franson  and  Lucas 
1977).  Some  of  these  statutes  generally  delineate  the  responsibility  of  employers 
to  take  all  measures  necessary  to  prevent  contact  of  employees  with  toxics,  ensure 
safe  handling  of  dangerous  substances  and  employ  protective  eguipment  to  reduce  the 
probability  of  accidents.  Other  statutes  contain  specific  standards  of  exposure  or 
reguire  specific  measures  of  protection. 

Workmen's  Compensation  statutes  contain  provisions  that  condi- 
tions resulting  from  exposure  to  hazards  such  as  lead  and  as- 
bestos be  considered  compensatory  industrial  diseases  (Franson 
and  Lucas  1977). 

Occupational  Health  Acts  in  some  provinces  (e.g.  Saskatchewan)  permit  the  government 
to  intervene  directly  to  remedy  certain  occupational  hazards. 

One  high-risk  employment  in  particular,  namely  mining,  has  received  special 
legislative  attention  at  the  provincial  level. 

Typically,  complete  and  detailed  working  and  safety  codes  in- 
cluding ventilation  standards,  underground  diesel  operating 
standards,  and  safety  eguipment  provisions  have  been  enacted 
(Franson  and  Lucas  1977). 

The  federal  government  has  also  legislated  in  this  area  through  ordinances  for  the 
northern  territories.  In  addition,  federal  legislation  in  the  field  of  workplace 
control  applies  to  organizations  under  the  jurisdiction  of  the  Parliament  of  Canada, 
and  in  the  area  of  radiation  protection  through  the  Atomic  Energy  Act  Regulations. 
Some  provinces,  such  as  Alberta,  however,  also  prescribe  radiation  standards  under 
special  legislation  or  as  part  of  their  public  health  acts. 


6.8  OTHER  LEGISLATION  PROTECTING  CANADIANS 

A plethora  of  legislation  has  been  enacted  in  Canada  bearing  on  the  protection 
of  individuals  in  a wide  range  of  activities.  The  federal  Food  and  Drug  Act,  for 
example,  prescribes  standards  for  the  guality  and  guantity  of  food  and  drug  consti- 
tuents and  designates  maximum  guantities  permissible  in  foods  for  many  toxic  sub- 
stances. Protection  is  also  provided  provincially  by  public  health  acts  which 
regulate  food  safety  and  food  preparation  conditions. 

Both  the  federal  and  provincial  governments  have  enacted  motor  vehicle  safety 
legislation,  which  attempts  to  protect  drivers  and  pedestrians  from  one  of  the  most 
common  threats  to  health  and  safety.  Highway  traffic  regulations  enacted  provin- 
cially are  specifically  aimed  at  reducing  risks  of  automobile  accidents.  It  is  in- 
teresting to  note  that  some  legislation  (such  as  seat  belt  and  motorcycle  helmet  use 
reguirements)  aimed  at  reducing  accident  freguency  and  seventy  has  encountered  some 
public  resistance  because  of  a perceived  infringement  of  individual  rights.  Safety 
issues  associated  with  other  forms  of  transportation,  including  air,  rail  and 
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coastal  shipping  are  also  covered  by  the  federal  regulatory  umbrella.  (See  for  ex- 
ample, the  Canada  Shipping  Act,  the  Railway  Act,  the  Northern  Inland  Waters  Act,  the 
Arctic  Water  Pollution  Prevention  Act,  and  the  Navigable  Waters  Protection  Act.) 

Additional  protection  from  hazards  is  provided  to  the  consumer  by  the  federal 
Hazardous  Products  Act  which  forbids,  through  regulation,  the  advertising,  sale  or 
importation  of  products  which  are  judged  unsafe  or  which  do  not  meet  designated 
standards. 

Despite  their  legal  status  as  mere  extensions  of  provincial  legislatures, 
municipalities  also  play  a role  in  safety  protection  through  licensing,  zoning  and 
other  regulations  which  attempt  to  prevent  nuisance  and  hazards.  Municipal  inspec- 
tion of  buildings  and  municipal  participation  in  the  development  and  maintenance  of 
certain  facilities,  such  as  dykes  for  flood  protection,  are  an  important  element  in 
public  risk  management. 

Indeed,  if  one  examines  the  maze  of  laws  and  regulations,  one  may  be  lulled 
into  a misleading  sense  of  security  that  Canadians  and  their  environment  are  ade- 
guately  protected;  some  may  even  argue  over-protected.  It  is  important  to  remember 
that  the  Canadian  system  of  government  frequently  produces  strong  enabling  acts, 
which  form  the  basis  for  the  tempered  use  of  delegated  powers  by  the  administrative 
branches  of  government.  In  this  system,  there  are  two  factors  which  determine  the 
effective  degree  of  protection  from  hazards: 

1.  the  regulation  making  process  itself;  and, 

2.  the  enforcement  effort  and  extent  of  compliance. 


6.9  THE  PROCESS  OF  FEDERAL  REGULATION-MAKING 

Legislation  and  treaties  provide  a framework  which  shapes  the  dynamics  of 
regulation.  Much  of  the  specific  content  of  regulations  is  developed  through  the 
exercise  of  delegated  powers  by  the  bureaucracy  in  charge.  The  process  is  also 
affected  by  the  institutional  and  procedural  framework  which  guides  regulation- 
making  in  general  and  by  the  special  characteristics  of  the  environmental  or  poli- 
tical arena,  i.e.  the  network  of  personal  interactions  and  the  political  context 
which  underlie  decision  processes  concerning  environmental  health  and  safety  regula- 
tion. 


At  the  federal  level,  The  Statutory  Instruments  Act  (1972)  was  designed  to 
strengthen  the  accountability  to  Parliament  and  the  public  of  the  exercise  of  dele- 
gated power.  Proposals  for  regulation  are  screened  through  a process  of  review  and 
publication.  This  system  is  reinforced  by  an  additional  review  conducted  by  the 
Standing  Joint  Committee  on  Regulations  and  Other  Statutory  Instruments.  In  a 
recent  effort  to  increase  accountability  further,  the  government  introduced  Socio- 
Economic  Impact  Analysis  (SEIA).  This  procedure  is  required  of  those  federal 
departments  introducing  "major"  new  regulations  in  the  domains  of  Health,  Safety  and 
Fairness. 

The  policy  of  requiring  a SEIA  has  been  in  effect  since  August  1,  1978. 

This  policy  is  intended  to:  (a)  promote  a more  thorough  and 
systematic  analysis  of  the  socio-economic  impact  of  new 
(Health,  Safety  and  Fairness)  regulations  in  order  to  prevent 
misallocative  effects  and/or  negative  effects  of  a non-allo- 
cative  nature;  (b)  ensure  uniformity  across  departments  and 
aqencies  currently  administering  statutes  which  confer  the 
power  to  make  regulations. .. (as  well)  in  the  methodologies  and 
assumptions  used  to  perform  such  analyses;  and  (c)  provide  an 
opportunity  for  increased  public  participation  in  the  regula- 
tions-making  process  (Treasury  Board  document,  not  dated). 

While  the  SEIA  policy  stresses  the  appropriateness  of  applying  risk-benefit,  or  at 
least  cost-benefit  analysis,  the  instances  in  which  the  policy  has  been  implemented 
indicate  a cost-effectiveness  orientation  (Anderson  1980).  This  may  be  partly  due 
to  lack  of  adequate  information  concerning  both  the  costs  and  the  benefits  of 
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proposed  restrictions.  In  general,  however,  there  is  always  the  possibility  that 
the  processes  to  ensure  accountability  of  regulation  may  tend  to  reduce  protection 
to  the  extent  that  they  defend  the  regulatory  status  guo. 

The  formal  review  procedures  are  only  the  final  steps  in  a long  consultative 
process.  A "task  force"  method  of  consultation  is  the  most  widely  used  way  of 
developing  specific  proposals  for  regulation  and  accompanying  guidelines.  When  a 
preliminary  proposal  is  initiated  within  the  bureaucracy,  a group  is  assembled  con- 
sisting of  representatives  from  other  relevant  federal  departments,  provincial 
governments  and  the  industry  concerned.  In  some  cases,  representatives  of  other 
involved  interest  groups  are  also  invited.  This  task  force  is  usually  assisted  by 
several  working  groups  that  consider,  in  detail,  various  technical  aspects  of  the 
proposal,  including  the  practicability  of  alternative  protection  measures. 

Recommendations  are  developed  by  the  task  force  on  the  basis  of  position 
papers  submitted  by  the  different  groups.  The  working  groups  collect  information 
from  numerous  sources  concerning  existing  discharges  to  the  environment,  monitoring 
technologies  and  health  and  safety  information.  The  information  collection  process 
relies  heavily  upon  industry  cooperation.  Often  the  relevant  trade  association, 
through  its  representatives  on  the  task  force  and  the  working  groups,  assists  in  the 
dissemination,  collection  and  processing  of  detailed  guestionnaires  which  gather  in- 
formation from  industry.  Such  guestionnaires  may  include  information  on  industrial 
practices,  impact  assessment  of  alternative  proposed  control  regimes  and  preferences 
among  other  control  strategies. 

Because  of  the  technical  nature  of  task  force  deliberations  and  the  presump- 
tion that  the  government  adeguately  represents  the  public,  representatives  of  public 
interest  groups  have  usually  not  been  included  in  task  forces  assembled  to  develop 
specific  hazard  or  pollution  prevention  regulations.  The  recent  development  of  a 
new  consultative  format  - the  SEIA  seminar  - promises  greater  participation  by 
representatives  of  public  groups. 

The  task  forces  are  also  an  important  mechanism  for  coordinating  the  actions 
of  different  federal  departments  and  the  federal  and  provincial  governments.  As 
informal  mechanisms,  they  significantly  reduce  the  burdens  resulting  from  inconsis- 
tent regulations. 

There  are  several  advantages  to  the  informal  consultative  process: 

1.  the  expertise  at  the  disposal  of  the  government  is  increased; 

2.  the  information  base  for  decision-making  is  improved; 

3.  uncertainty  is  reduced  (in  particular,  industrial  uncertainty) 
through  participative  decision-making;  and, 

4.  the  likelihood  of  compliance  with  regulation  by  both  industry 
and  provincial  governments  is  increased. 

In  contrast,  there  are  several  problems  which  may  arise  from  this  process: 

1.  the  credibility  of  government  efforts  to  protect  the  public  is 
threatened  (e.g.  the  process  is  open  to  accusations  that 
government  does  not  treat  industry  at  arm's  length  as  is  the 
case  in  the  adversary  system  in  the  United  States); 

2.  non-government  representatives  often  have  insufficient  time  to 
prepare  adeguately  since  the  government  controls  lead-times; 
and, 

3.  the  process  of  regulation-making  may  be  slowed  down. 

Public  participation  may  alleviate  the  first  problem.  Provision  of  longer 
lead  times  in  most  cases  (excluding  emergencies)  would  reduce  the  problem  of 
information  collection  for  non-government  members  of  task  forces.  With  respect  to 
slowing  down  the  regulation-making  process,  the  time  span  of  the  consultative 
process  in  two  major  cases  was  in  fact  less  than  nine  months  in  Canada  as  compared 
to  an  average  of  more  than  two  years  in  the  United  States. 

Provincial  governments  tend  to  employ  less  formal  means  of  consultation 
although,  in  some  provinces,  public  participation  in  development  of  policy 
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objectives  and  desired  standards  is  sought  through  open  hearings  (e.g.  the  Pollution 
Control  Board  of  B.C.). 

In  matters  concerning  protection  in  the  workplace,  organizational  forms  have 
been  developed  which  involve  both  employer  and  union  representatives.  For  example, 
the  Workers'  Compensation  Board  was  typically  created  as  an  institution  with  repre- 
sentation from  labour  and  industry.  Instead  of  internalizing  the  negotiation  pro- 
cess in  a manner  similar  to  the  informal  task  forces,  the  Compensation  Boards  become 
visible  targets  for  political  pressure. 


6.10  HOW  MUCH  PROTECTION,  BY  WHOM? 

Protection  comes  at  a cost.  The  political-administrative  process  of  regula- 
tion-making is  affected  by  the  size  and  distribution  of  costs  and  benefits.  The 
distribution  is  particularly  important  as  it  determines  to  a large  degree  the  locus 
of  support  or  resistance  to  a particular  measure. 

The  size  and  scope  of  economic  impact  on  an  affected  party  (e.g.  unions  or 
industry)  may  temper  governmental  actions.  Increased  unemployment,  decreased  pro- 
duction of  beneficial  materials,  decreased  exports  or  substituted  imports  affect 
other  government  goals.  These  and  other  factors  are  now  explicitly  recognized  as 
having  impacts  which  must  be  considered  during  the  development  of  regulations. 
Representation  of  diverse  interests  on  the  task  forces  of  different  federal  depart- 
ments strengthens  the  pressures  to  adopt  a flexible  posture  toward  the  trading  off 
of  costs  and  benefits  during  regulation  development. 

Provincial  governments  add  to  the  moderating  pressures.  They  tend  to  support 
the  federal  government's  role  as  a provider  of  expertise  and  know-how  rather  than  as 
a risk  manager  - a role  that  governments  of  most  provinces  prefer  to  claim  as  their 
own. 


As  we  have  noted,  public  interest  groups  have  had  little  involvement  in  task 
forces.  However,  "public  interest  groups  such  as  the  Consumer's  Association  of 
Canada,  Pollution  Probe,  Energy  Probe,  and  the  Canadian  Environmental  Law  Associa- 
tion have  all  been  formed  or  re-invigorated  in  recent  years.  These  groups  have 
developed  a considerable  expertise  in  their  own  right  and  have  begun  to  establish 
day-to-day  contact  with  environment  and  consumer  departments,  federally  and  provin- 
cially.  They  tend  to  have  focussed  their  attention  more  on  the  regulation-making 
aspects  of  regulation  than  on  day-to-day  compliance  issues"  (Doern  1977). 

In  spite  of  the  emergence  of  these  active  public  groups  interested  in  regula- 
tion-making, there  are  several  constraints  mediating  their  impact  on  the  consulta- 
tive process.  First,  participation  in  regulation-making  reguires  a large  commitment 
of  time  and  resources.  Most  of  the  public  interest  groups  rely  on  volunteer  work 
which  significantly  reduces  the  effectiveness  of  their  participation  in  any  time- 
intensive effort  on  a regular  basis.  Public  interest  groups  also  have  problems  in 
reaching  internal  consensus.  Often  there  is  a struggle  within  these  organizations 
between  members  with  expertise  and  those  who  lack  expertise  but  have  a high  commit- 
ment to  certain  organizational  values  or  ideologies. 

Although  the  work  of  task  forces  is  not  likely  to  be  affected  significantly  by 
public  involvement,  such  participation  would  contribute  to  the  perceived  integrity 
of  the  process  - at  least  in  the  short-run.  Furthermore,  it  may  create  a channel 
for  mutual  education  through  which  industry,  the  government  and  the  public  learn 
more  about  a problem  by  recognizing  their  diverse  perspectives.  In  the  longer  run, 
however,  the  Canadian  public  may  become  influenced  by  the  American  approach  which  is 
more  open  and  demands  a more  visible  and  active  role  for  public  participation. 

Exogenous  factors  which  affect  the  dynamics  of  consultation  include  foreign 
and  international  governmental  activities,  new  information,  the  mass  media,  crises 
and  general  public  attitudes.  Many  attempts  to  initiate  regulation  in  Canada  can  be 
traced  to  similar  efforts  in  other  countries.  In  particular,  regulation  in  the 
United  States  tends  to  have  an  important  impact  upon  the  Canadian  regulatory  agenda- 
. Proposed  standards  in  the  United  States  tend  to  serve  as  "anchors"  in  the  deli- 
beration of  Canadian  task  forces.  This  often  leads  to  economies  in  deliberation 
efforts  but,  at  times,  it  may  offer  a counter-productive  focus  when  United  States 
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and  technologies  do  not  apply  to  Canadian  circumstances.  Some  ways  in  which  the 
United  States  regulatory  actions  influence  Canadian  regulation  include  frequent 
informal  meetings  between  bureaucrats  of  the  two  countries,  meetings  organized  by 
joint  commissions  and  international  committees,  and  exposure  to  the  mass  media, 
tending  to  sensitize  Canadians  to  problems  important  in  the  United  States. 
Priorities  and  targets  which  are  chosen  there  eventually  affect  the  regulatory 
agenda  of  most  other  Western  countries.  The  E.E.C.  regulatory  efforts  and  the  work 
of  the  OECD  and  UN  expert  committees  have  more  limited,  but  still  significant 
impacts  on  Canada. 

The  work  of  the  task  forces  and  their  agendas  is  also  influenced  by  media  in- 
formation which  captures  public  attention.  Crises,  for  example,  with  their  dramatic 
impact  (magnified  by  the  media)  upon  public  attitudes  and  perceived  priorities  tend 
to  pressure  government  regulatory  participants  to  push  for  stronger  actions,  while 
industry  tends  to  concede  more  ground  under  public  pressure  than  it  would  other- 
wise. The  attention  which  the  public  generally  pays  to  environmental  issues  (as 
opposed  to  energy  or  economic  matters)  is  also  reflected  in  the  regulatory  pace. 
Clearly,  public  attitudes  (as  perceived  by  government  representatives  in  the  consul- 
tative process)  affect  political  calculations  in  making  choices  between  more  or  less 
strinqent  requirements.  The  mass  media,  though  a crude  reflection  or  indicator  of 
public  priorities  and  attitudes,  play  an  important  role  in  shaping  government 
officials'  perceptions  of  public  opinion. 


6.11  COMPLIANCE 

Compliance  with  safety  and  environmental  regulation  can  be  achieved  through 
persuasion  and/or  coercion.  To  a great  extent  the  Canadian  system  promotes  volun- 
tary compliance.  The  major  vehicle  in  this  process  is  consultation  and  negotiation 
between  government  and  industry  throughout  the  regulation-making  and  implement  ion 
phases.  The  cooperative  (as  opposed  to  adversarial)  mode  of  interaction  leads  to 
mutual  understanding  between  regulators  and  industrial  executives.  This  process  of 
cooperation  through  participation,  while  perhaps  leading  to  some  erosion  in  protec- 
tion objectives,  promotes,  to  a certain  degree,  adoption  of  the  norms  of  social 
responsibility  within  industry.  Participation  not  only  reduces  resistance  to  regu- 
lation but  also  ensures  feasibility  of  implementation  and  a more  accurate  flow  of 
information  to  expand  the  options  available  to  the  regulatory  system  as  a whole. 

The  emphasis  in  Canada  upon  voluntary  compliance  can  be  explained  by  the  small 
pool  of  resources  for  environmental  and  safety  protection  enforcement.  "Most 
regulatory  agencies  in  Canada  tend  to  be  sparsely  staffed.  Their  compliance 
capability  does  not  usually  measure  up  to  their  requlatory  intent.  Up  to  some 
undefined  point,  more  effective  regulatory  compliance  does  require  more  staff, 
although  more  staff  is  clearly  not  itself  a sufficient  condition  for  more  effective 
compliance....  Some  (bureaucratic)  growth  is  necessary,  but  the  concern  about 
excessive  bureaucratic  growth  should  counsel  a more  intelligent  search  for  other 
compliance  mechanisms"  (Doern  1977). 


6.12  PROGNOSIS  AND  CONCLUSION 

This  chapter  has  described  briefly  the  complex  and  diverse  Canadian  response 
to  a multitude  of  risks  to  human  health.  This  response  is  manifested  by  individual, 
organizational  and  governmental  participation  through  market  and  quasi-market 
mechanisms.  The  government  also  acts  more  directly  to  intervene  through  the  regu- 
latory process  in  instances  where  there  is  perceived  market  failure.  The  pattern  of 
regulation  has  been  uneven,  varying  in  its  stringency  and  completeness  of  coverage 
by  level  of  government  and  subcategory  of  risk.  This  result  is  not,  in  itself, 
surprising  because  perceptions  and  attitudes  towards  the  vast  diversity  of  risks 
that  face  our  society  tend  to  vary  markedly  among  the  numerous  participants  in  the 
decision-making  process.  What  is  clear,  however,  is  that  despite  recent  and 
noteworthy  regulatory  efforts,  significant  lacunae  and  inconsistencies  remain  in  the 
system  of  risk  protection  afforded  to  Canadians. 

Attitudes  and  activities  in  the  realm  of  risk  management  have  evolved  over 
time  to  a point  where  concern  by  individuals  and  governments  with  issues  of  risk  has 
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Attitudes  and  activities  in  the  realm  of  risk  management  have  evolved  over 
time  to  a point  where  concern  by  individuals  and  governments  with  issues  of  risk  has 
become  an  important  ingredient  in  the  process  of  public  and  private  decision- 
making. And  yet  it  would  be  inappropriate  to  assume  that  the  current  situation  will 
remain  unaffected  or  unchanged  by  dynamic  forces  which  continue  to  influence  public 
attitudes  and  their  expression  in  our  political  and  social  institutions. 

It  is  possible  to  perceive  some  trends  in  the  evolution  of  risk  management  and 
to  offer  tentative  predictions  as  to  its  future  direction.  Forces  are  at  work  in 
society  which  have  the  potential  for  significantly  divergent  effects  on  the  level 
and  nature  of  risk  management.  With  increasingly  sophisticated  advances  in  techno- 
logy and  their  associated  environmental  impacts,  government  will  tend  to  assume  a 
larger  role  in  particular  areas  of  economic  and  social  activity.  There  is  a poten- 
tial conflict  here  for  those  members  of  society  who  will  benefit  from  the  increased 
government  activity  in  risk  reduction  but  who  object,  on  political  or  philosophical 
grounds,  to  an  increased  government  presence. 

Both  the  nature  of  risks  and  the  participants  in  risk  management  will  change 
over  time.  Because  the  direction  and  intensity  of  this  change  is  not  completely 
predictable,  however,  it  is  necessary  to  design  robust  institutions  and  procedures 
for  risk  management  which  maintain  a maximum  degree  of  flexibility  and  do  not  fore- 
close options  unnecessarily.  What  appears  to  be  required  is  a greater  effort  to 
establish  an  integrated  and  comprehensive  program  of  risk  assessment  in  Canada. 
This  program  should  examine  the  potential  usefulness  of  voluntary  market  mechanisms 
as  well  as  consider  innovative  and  conventional  instruments  of  regulation  and  infor- 
mation dissemination. 

The  creation  of  a single  ministry  of  government  charged  with  the  responsi- 
bility of  social  risk  protection  would  probably  be  undesirable  and  unworkable,  as 
the  ministry  would  be  forced  to  concern  itself  with  the  operation  of  virtually  every 
other  department  of  government.  A more  viable  alternative  is  the  establishment  of 
one  or  a number  of  permanent  commissions  or  boards  with  the  specific  responsibility 
of  assessing  risks,  monitoring  implicit  and  explicit  government  response  to  such 
risks,  providing  broad  but  consistent  guidelines  for  the  direction  of  government 
decision-making,  and  validating  general  risk  information  used  in  decision 
processes.  It  is  essential  that  this  type  of  mechanism  also  encourage  public 
participation,  serve  an  educational  function,  and  provide  guidelines  for  the 
voluntary  sector  in  the  realm  of  risk  management. 

In  conclusion,  government  has  the  central,  although  not  exclusive,  responsi- 
bility for  protecting  the  health  and  safety  of  its  citizens.  It  is  mandatory  that 
institutions  and  processes  be  established  which  make  this  protection  efficient, 
effective  and  rational. 
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CHAPTER  7 

TOWARD  MORE  KNOWLEDGEABLE  RISK  TAKING 
R.E.  Munn  and  I.  Burton 

Institute  for  Environmental  Studies,  University  of  Toronto,  Toronto,  Ontario 


7.1  A RATIONAL  APPROACH  TO  RISK  MANAGEMENT 

Life  is  risky  but  some  risks  are  greater  than  others  and  the  consequences  vary 
by  orders  of  magnitude.  To  complicate  further  the  problems  of  risk  management, 
people's  perceptions  of  risks  and  of  risk  acceptability  differ  widely.  Thus  it  is 
not  easy  to  compare  risks,  even  in  order  of  seriousness. 

Although  many  individuals  wish  to  retain  the  right  to  take  voluntary  risks  (by 
mountain  climbing,  cigarette  smoking,  etc.),  society  must  ultimately  pay  for  increa- 
sed hospital  costs,  sickness  benefits  and  other  economic  losses  resulting  from  acci- 
dents. For  both  voluntary  and  involuntary  risks,  therefore,  it  is  clear  that 
government  has  a responsibility  at  least  to  inform  the  public  of  risks  (e.g.  by 
warnings  on  cigarette  packages)  and  in  some  cases  to  regulate  the  risks  (e.g.  by 
banning  toxic  substances).  But  there  is  a large  grey  area  in  which  any  or  all  of 
the  following  circumstances  apply: 

1.  The  risks  and  consequences  are  rather  uncertain. 

2.  The  risky  activity  may  produce  major  benefits  (e.g.  employment 
as  well  as  possible  harm).  In  this  connection  many  people  may 
benefit  while  only  a few  are  at  risk  (e.g.  those  who  live  near 
a hazardous  facility  or  are  allergic  to  penicillin). 

3.  Sometimes  a risky  activity  cannot  be  terminated  without  intro- 
ducing an  alternative.  Yet  the  several  options  available  to 
society  may  all  cause  harm  and  it  may  be  exceedingly  difficult 
to  compare  the  risks  (e.g.  acid  rains  from  coal-fire  power  sta- 
tions versus  a Three  Mile  Island  type  accident  from  a nuclear 
power  station).  Sometimes  the  risks  of  possible  alternatives 
are  themselves  unknown. 

What  is  society  to  do  in  such  situations? 

This  Monograph  has  emphasized  that  the  current  Canadian  approach  to  risk 
management  contains  inconsistencies  in  levels  of  effort,  funding  and  legislation. 
For  example,  the  relative  cost-effectiveness  of  money  spent  on  various  risk 
management  activities  is  largely  unknown,  e.g.  with  respect  to  highway  safety,  drug 
testing  and  public  information  campaigns  about  cigarette  smoking.  In  this 
connection,  misallocation  of  resources  in  the  risk  management  field  has  a 
psychological  dimension.  People  sometimes  worry  needlessly  about  risks  that  do  not 
exist  or  have  a very  low  probability  of  occurrence.  This  may  in  turn  undermine  the 
credibility  and  morale  of  civil  servants,  who  are  striving  to  serve  the  public 
good.  As  was  pointed  out  in  Chapter  4,  a society  that  lacks  belief  in  its  own 
experts  is  likely  to  become  highly  nervous  and  unstable. 

These  considerations  lead  to  the  recommendation  that  a Canadian  risk  manage- 
ment policy  be  established.  The  policy  would  have  at  least  three  components: 

1.  Adequate  institutional  and  organizational  capacity  to  manage 
risks,  including  the  continuing  development  of  appropriate 
methodologies  and  guidelines  for  risk  assessment  and  risk- 
benefit  analyses. 

2.  A policy  advisory  group  at  a high  level  and  with  a cross- 
sectoral  perspective,  to  make  recommendations  on  resource  allo- 
cations for  risk  management.  The  policy  advisory  group  could 
be  interdepartmental  or  federal-provincial  but  it  should  also 
draw  upon  the  considerable  resources  of  the  private  sector  in 
Canada. 
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3.  An  information  and  education  component,  designed  to  raise  the 
level  of  public  understanding  of  risk  assessment. 

With  reference  to  the  second  component,  consideration  should  be  given  to  esta- 
blishing an  independent  advisory  body  for  risk  assessment  in  Canada.  This  would 
keep  an  arm's  length  relation  with  the  various  players,  including  environmentalists 
(who  often  adopt  advocacy  positions),  politicians  (who  often  tend  to  downplay  risks) 
industrial  representatives  (who  often  become  defensive)  and  the  media  (who  often 
tend  to  overreact  to  perceived  risks). 


7.2  SOME  PHILOSOPHICAL  QUESTIONS  THAT  NEED  TO  BE  DISCUSSED 
IN  THE  CANADIAN  CONTEXT 

Chapters  1 to  6 and  the  11  Case  Studies  have  raised  some  interesting  philo- 
sophical guestions.  First,  is  there  an  acceptable  level  of  risk?  If  so,  how  is  it 
defined?  These  guestions  have  been  posed  several  times  in  this  monograph  and  have 
been  implicitly  answered  although  there  appear  to  be  inconsistencies.  It  is  clear 
that  further  discussion  would  be  valuable. 

Secondly  there  is  the  problem  of  inadvertency,  the  so-called  "grandfather" 
problem.  If  a risky  situation/action  began  years  or  decades  ago,  but  the  harmful 
conseguences  have  only  recently  been  recognized,  should  the  person  responsible  be 
liable  for  damages?  In  the  United  States,  responsibility  is  usually  settled  in  the 
courts.  There  seems  to  be  no  consistent  pattern  in  Canada.  An  illustrative  example 
is  the  Port  Hope  Case  Study  No.  11,  in  which  the  federal  government  payed  the  costs 
of  moving  contaminated  soil,  although  people  were  not  compensated  for  alleged 
decreases  in  property  values. 


7.3  THE  ELEMENTS  OF  RISK-BENEFIT  ANALYSES 

Whenever  a significant  risk  is  identified  by  government  or  perceived  by 
society,  a risk-benefit  analysis  should  be  undertaken.  The  analysis  should  include 
perceived  as  well  as  guantifiable  risks  and  benefits  and  should  indicate  the  persons 
at  risk  and  the  persons  likely  to  gain.  The  analysis  should  be  made  available  to 
the  public,  and  in  some  cases  should  be  discussed  at  public  hearings.  In  this  con- 
nection, because  the  "best"  sets  of  values  and  weights  used  in  an  analysis  will  vary 
from  group  to  group,  there  will  be  understandable  differences  of  opinions  on  a 
"best"  risk  management  strategy.  Thus  the  value  system  used  in  risk-benefit  analy- 
ses should  be  explicit.  Case  study  No.  3 on  solid  waste  disposal  at  Maple,  Ontario 
is  interesting  in  this  regard.  After  initial  confrontation  concerning  a proposal  to 
locate  a solid  waste  disposal  facility  in  the  Town  of  Vaughan,  the  views  of  the 
various  players  gradually  converged  toward  an  acceptable  low  probability  of  disaster 
occurrence  and  upon  an  agreed  distribution  of  compensation.  This  is  the  same  philo- 
sophy as  is  found  in  Workmen's  Compensation  legislation,  in  which  every  effort  is 
made  to  reduce  accident,  while  at  the  same  time  compensating  those  who  suffer.  Of 
course,  Workmen's  Compensation  is  contentious  because  the  burden  of  proof  rests  with 
the  victim. 


7.4  SOME  RESEARCH  TASKS 

Chapters  1 to  6 and  the  11  Case  Studies  reveal  that  both  the  theory  and  prac- 
tice of  risk  management  are  still  rather  primitive.  The  most  pressing  need,  of 
course,  is  for  relevant  data.  This  deficiency  is  mentioned  repeatedly  in  the  mono- 
graph and  some  of  the  tables  illustrate  the  inadequacies.  As  an  example,  some 
MEDICARE  health  data  do  not  include  information  on  occupation  and  smoking  history, 
reducing  their  value  for  epidemiological  investigations.  There  is  the  related 
problem  of  data  accessibility  and  compatibility.  In  Case  Study  No.  1,  for  example, 
R.P.  Angle  suggests  that  data-filing  systems  are  developed  around  administrative 
functions,  rather  than  around  specific  data  needs.  This  proved  to  be  an  obstacle  in 
developing  a risk  management  policy  for  sour  gas  facilities  in  Alberta. 
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The  major  data  needs  will  not  be  listed  here.  Instead  it  is  suggested  that 
the  problem  be  put  to  a group  of  Canadian  experts  drawn  from  the  social  sciences, 
the  natural  sciences,  medicine  and  engineering.  This  group  should  be  asked  to 
undertake  a comprehensive  review  of  the  risk-assessment  data  needs  in  Canada. 

Of  egual  importance  would  be  a survey  of  risk  assessments  prepared  by  various 
government  and  academic  institutions,  industry  and  consulting  firms.  In  the  case  of 
toxic  chemicals,  for  example,  there  are  increasing  numbers  of  assessments  appearing 
in  the  "grey  literature",  which  could  be  a valuable  resource  to  environmental 
managers  faced  with  similar  problems. 

Secondly,  there  is  a major  need  to  review  the  methods  used  to  rank  risks. 
What  methods  are  currently  available,  how  can  they  be  improved  and  how  should  the 
results  be  presented  to  specialists  as  well  as  to  non-specialists? 

Thirdly,  there  is  the  whole  problem  of  perceived  risks.  How  are  the 
perceptions  of  the  public  and  of  various  interests  groups  to  be  accommodated  in  a 
risk-benefit  analysis? 

Fourthly,  there  is  a need  to  examine  the  process  of  identifying  risks.  Is  it 
possible  to  obtain  early  warnings  and  if  so,  what  are  the  implications  for  real-time 
monitoring  systems? 

Finally,  the  resilience  of  Canadian  society  to  environmental  shocks  should  be 
explored.  As  pointed  out  by  Timmerman  (1981)  we  are  becoming  so  technologically 
protected  from  risks  that  we  may  be  more  vulnerable  to  surprises  than  were  our 
grandfathers. 


7.5  SOME  CONCLUDING  REMARKS 

The  need  to  improve  the  process  of  risk  management  in  Canada  is  not  a criti- 
cism of  past  performance.  On  the  contrary,  using  death  rates,  life  expectancy  and 
standard  of  living  indicators,  it  is  guite  clear  that  gains  still  outweigh  losses  by 
a wide  margin.  We  could  say  that  risks  are  being  better  managed  because  the  net 
aggregate  risk  is  evidently  lower,  because  standards  of  health  are  higher  and 
because  in  most  areas  where  risks  are  being  generated,  the  resulting  benefits  are 
considered  by  most  Canadians  (but  not  all)  to  be  well  worth  the  risks,  at  least  in 
the  short  run. 

The  longer  term  is  much  harder  to  evaluate  and  it  is  clear  that  in  some  cases, 
a trade-off  is  being  made  between  benefits  available  now  and  possible  adverse  con- 
seguences  which  will  appear,  if  at  all,  sometime  later.  This  uncertainty  about  the 
future  contributes  to  public  anxiety.  So  we  are  confronted  with  the  irony  that  in 
spite  of  successful  management  of  risks  in  the  short  run,  government  and  industry 
are  being  criticized  more  and  more.  This  reinforces  the  case  for  the  establishment 
of  an  explicit  risk-management  policy  in  Canada. 
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CASE  STUDIES 

C.D.  Fowle 

Department  of  Biology,  York  University,  Downsview  Ontario 


INTRODUCTION 

The  case  studies  that  follow  are  intended  to  illustrate  some  ways  in  which 
environmental  risks  have  been  assessed  and  managed  in  Canada.  To  some  extent  they 
have  also  served  as  a data  base  and  have  provided  examples  for  the  main  text. 

While  the  list  of  case  studies  covers  a range  of  topics,  it  does  not  embrace 
all  of  the  major  issues  now  attracting  attention  across  Canada.  For  example,  there 
are  no  case  studies  dealing  with  the  disposal  of  nuclear  wastes,  acid  rain,  the 
health  hazards  of  asbestos,  lead  or  cadmium,  occupational  risks  in  mining  or  fire. 
However,  the  diversity  of  topics  is  probably  sufficient  to  illustrate  the  ways  that 
Canadians  deal  with  risks  and  how  they  might  do  so  more  effectively.  The  studies 
show  how  political,  social,  economic  and  scientific  elements  interact  to  produce  the 
kinds  of  responses  being  made  to  supposed  hazards.  They  also  show  that  Canadians 
are  not  very  good  at  risk  management.  Typically  unpreparedness  is  followed  by  over- 
r'eaction,  committing  more  time,  effort  and  money  than  may  be  necessary  to  make  a 
rational  response.  Often  decision-makers,  who  are  usually  politicians  and  civil 
servants,  are  overwhelmed  by  the  media  before  an  appropriate  systematic  assessment 
can  be  made. 

While  there  are  a number  of  lessons  to  be  learned  from  the  studies,  the  main 
one  is  that  Canadians  are  unlikely  to  be  able  to  make  the  best  use  of  scientific 
risk  assessment  until  the  public  realizes  that  absolute  safety  is  a myth.  Moreover, 
it  is  unlikely  that  sound  risk  management  decisions  could  be  made  purely  on  strictly 
"scientific"  data,  even  if  the  data  were  available.  Public  perception,  right  or 
wrong,  will  always  be  a major  influence.  Public  education  in  the  widest  sense  is, 
therefore,  essential  to  effective  risk  management. 

Some  of  the  more  obvious  indications  that  can  be  gleaned  from  the  case  studies 
can  be  summarized  as  follows: 

1.  Systematic,  scientific  procedures  of  risk  assessment  are 
rarely  used  in  dealing  with  risks;  when  they  are,  the  re- 
sults of  the  assessments  may  not  influence  decisions  very 
much.  Risk  management  involves  much  more  than  scientific 
data. 

2.  The  public  and  political  assessments  of  what  constitutes  a 
significant  hazard  may  change  over  time  as  more  information 
becomes  available.  However,  first  impressions  of  a hazard 
are  often  difficult  to  change  even  when  risks  can  later  be 
shown  to  be  small. 

3.  The  scientific  perception  of  a hazard  and  the  risks  rela- 
ting to  it  are  frequently  a matter  of  dispute  among  scien- 
tists. 

4.  The  media  are  frequently  responsible  for  creating  a false 
perception  of  the  nature  of  a hazard  and  the  degree  of 
risk.  This  has  often  led  to  needless  expenditure  of  large 
amounts  of  money  and  manpower. 

3.  A major  requirement  in  moving  towards  a more  rational  mana- 
gement of  risks  is  to  establish  some  notion  of  "acceptable" 
risk:  risks  are  a part  of  life. 

6.  In  the  case  of  hazards  such  as  chemicals  or  radiation,  the 
public,  politicians  and  the  media  concentrate  too  much 
attention  on  TOXICITY  to  the  neglect  of  the  PROBABILITY  of 
harm. 

7.  Some  activities  are  far  less  risky  than  most  of  us  think. 


■ 
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CASE  STUDY  No.  1. 

SOUR  GAS  FACILITIES  A CASE  STUDY  OF  PUBLIC  RISK  IN  ALBERTA 
R.P.  Angle 

Air  Quality  Control  Branch,  Alberta  Department  of  the  Environment,  Edmonton,  Alberta 


1.1  HISTORICAL  ACCOUNT 

On  October  2,  1973,  the  escape  of  hydrogen  sulphide  gas  from  an  oil  well  blow- 
out in  central  Alberta  prompted  the  evacuation  of  800  persons  from  towns,  villages 
and  farms  within  an  area  of  at  least  200  km^.  Reports  of  "huge  clouds  of  poisonous 
gas  rolling  across  the  countryside"  were  carried  on  local,  national  and  internatio- 
nal newscasts.  The  Deputy  Premier,  two  cabinet  ministers  and  other  high  ranking 
government  officials  rushed  to  the  scene.  Within  a day,  the  oil  company  and  its 
contractors  had  brought  the  well  under  control  and  residents  were  allowed  to  return 
home.  The  investigation  (New  Norway  Sci.  Comm.  1974)  and  public  inguiry  which  fol- 
lowed revealed  that  there  was  no  injury  to  humans  or  animals  and  furthermore,  that 
the  potential  for  injury  existed  only  in  close  proximity  to  the  well.  Media  cover- 
age had  greatly  exaggerated  the  hazard,  the  large-scale  evacuation  being  an  over- 
reaction  to  the  perceived  threat.  Although  there  had  been  incidents  of  uncontroled 
sour  gas  releases  (sour  gas  is  natural  gas  containing  hydrogen  sulphide)  prior  to 
this,  public  safety  had  not  been  a major  issue  since  most  had  occurred  in  sparsely 
populated  regions. 

In  1974,  the  petroleum  industry  expressed  concern  about  the  potential  problem 
caused  by  the  "encroachment  of  population  centres  on  sour  gas  operations".  The 
Alberta  Petroleum  Industry  Government  Environmental  Committee  (APIGEC)  consisting  of 
representatives  of  the  petroleum  industry,  Alberta  Environment,  Alberta  Energy  and 
Natural  Resources,  and  the  Energy  Resources  Conservation  Board,  examined  the  geogra- 
phical extent  of  sour  gas  facilities,  the  history  of  previous  releases,  the  toxico- 
logy of  hydrogen  sulphide,  the  dispersion  of  gas  once  released  and  the  regulatory 
situation  (Alberta  Dept,  of  the  Environment.  It  concluded  that: 

1.  there  are  over  100  sour  oil  and  gas  fields  in  the  province, 
of  which  25  are  located  within  16  km  of  a city,  town  or 
village; 

2.  Sour  gas  pipeline  breaks  averaged  about  seven  per  year, 
most  being  small  and  due  to  corrosion; 

3.  well  blowouts  averaged  one  per  year  out  of  370  wells  in  the 
province. 

It  recommended  that  appropriate  regulations  be  enacted  to  prohibit  new  subdivision 
development  within  a 100  parts  per  million  (ppm)  hydrogen  sulphide  isopleth  of  any 
sour  gas  operation.  The  location  of  the  isopleth  (line  connecting  points  of  egual 
concentration)  was  to  be  calculated  using  "worst  case"  assumptions  for  the  source 
and  atmospheric  conditions. 

Because  the  authority  to  approve  subdivision  is  vested  in  a number  of  regio- 
nal and  city  planning  commissions  (operating  under  the  auspices  of  the  Alberta 
Planning  Board),  the  staffs  of  these  planning  commissions  were  all  made  aware  of 
this  recommendation.  In  June  1975,  the  Edmonton  Regional  Planning  Commission  for- 
mally adopted  a set  of  subdivison  guidelines  (Edmonton  Regional  Planning  Comm.  1975) 
embodying  the  100  ppm  isopleth  restriction  and  setting  out  an  administrative  mecha- 
nism. One  significant  feature  of  the  guidelines  was  that  the  onus  of  providing  in- 
formation about  sour  gas  operations  and  the  calculated  100  ppm  isopleth  was  placed 
upon  the  applicant  for  subdivision.  The  Edmonton  Regional  Planning  Commission  also 
urged  the  Alberta  Planning  Board  to  consider  their  guidelines  for  province-wide 
implementation. 

In  practice,  however,  information  about  sour  gas  operations  actually  came  from 
the  Energy  Resources  Conservation  Board  (ERCB),  the  central  authority  for  the  entire 
oil  and  gas  industry.  By  virtue  of  the  referral  system  used  by  planning  commissions, 
the  ERCB  was  also  called  upon  to  review  subdivision  proposals  near  sour  gas  facili- 
ties. Thus  the  burden  of  providing  information  and  calculating  isopleths  fell 
largely  upon  the  ERCB. 
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In  July  1975,  a meeting  was  convened  with  representatives  of  the  ERCB,  Alberta 
Environment,  the  Alberta  Planning  Board,  and  the  various  planning  commissions  to 
discuss  the  sour  gas  policy  and  the  best  means  of  administration.  It  was  generally 
agreed  that  province-wide  regulations  were  necessary  and  that  the  100  ppm  isopleth 
would  define  the  critical  area.  It  was  noted  that  the  danger  is  of  finite  duration, 
lasting  only  as  long  as  a given  well  produces  gas,  and  that  in  perhaps  30  years  the 
danger  would  have  passed  and  the  lands  would  again  become  eligible  for  subdivision 
and  development.  But  there  was  still  the  problem  of  existing  settlements  within  the 
critical  areas  of  existing  sour  gas  operations.  The  concept  of  a risk-benefit 
tradeoff  was  broached  by  Alberta  Environment  with  the  distribution  of  the  paper  by 
Starr  (1975). 

The  City  of  Calgary  was  wrestling  with  the  problem  of  two  large  sour  gas  wells 
located  1.6  km  northeast  of  the  city.  The  100  ppm  isopleth  from  these  wells  exten- 
ded well  into  the  city  and  if  the  recommendation  was  to  be  followed,  7.7  km^  of  city 
land  would  go  undeveloped  at  a time  when  great  pressure  was  being  put  on  the  resi- 
dential market.  Consultants  had  determined  that  the  probability  of  an  accidental 
release  of  H2S  was  1 in  8000  for  each  well,  which  was  considered  to  be  "fairly  high" 
and  to  support  the  100  ppm  restriction  (D  & S Petroleum  Consultants  1975).  This  was 
the  first  attempt  to  apply  probability  concepts  to  the  problem.  Alternative  solu- 
tions were  identified  as: 

1.  relocate  the  well  heads  (cost  $150,000.00  per  well); 

2.  close  the  well  (lost  revenue  $4,000,000.00); 

3.  wait  25  years  for  the  gas  pool  to  be  depleted. 

The  City  of  Calgary  representative  expressed  a desire  for  a refinement  of  the 
probabilities  before  the  formation  of  any  policy.  It  was  also  suggested  that  low 
density  development  within  the  100  ppm  isopleth  be  considered.  An  ad  hoc  committee 
consisting  of  representatives  of  the  ERCB,  Alberta  Environment  and  the  Alberta 
Planning  Board  was  struck  to  draw  up  some  tentative  guidelines.  Steps  were  also 
taken  to  reduce  the  volume  of  referrals  to  the  ERCB  by  providing  information 
packages  to  each  planning  commission. 

The  planning  commissions,  however,  experienced  difficulty  in  applying  the 
information  to  specific  situations  and  in  keeping  the  information  up  to  date.  They 
were  further  hampered  by  the  tentative  nature  of  the  provincial  policy  and  confusion 
over  the  way  to  calculate  the  isopleths.  The  ERCB  encountered  similar  problems  in 
administering  its  own  informal  guidelines  restricting  the  construction  of  new  sour 
gas  facilities  in  populated  areas. 

During  the  latter  part  of  1975  and  the  early  part  of  1976,  the  ERCB  and 
Alberta  Environment  expended  considerable  effort  in  gathering  information  about  sour 
gas  experience  elsewhere  in  North  America  and  in  Europe.  An  extensive  bibliography 
on  sour  gas  dispersion  was  compiled,  and  relevant  regulations  from  other  jurisdic- 
tions assembled.  For  example,  it  was  found  that  the  Texas  Railroad  Commission  also 
used  a "100  ppm  radius  of  exposure"  to  delineate  a control  area. 

Pursuing  ,the  idea  of  guantitative  risk  assessment,  Alberta  Environment  contac- 
ted the  Atomic  Energy  Control  Board  (AECB)  of  Canada  to  obtain  the  benefit  of  the 
nuclear  industry's  extensive  experience  in  this  area.  (This  exchange  was  facili- 
tated by  the  AECB's  interest  in  hydrogen  sulphide  problems  and  the  fact  that  they 
had  paid  a visit  to  Alberta  after  the  oil  well  blowout  to  learn  about  the  emergency 
response  measures  that  had  been  taken.)  The  AECB  responded  with  an  annotated  bibli- 
ography, copies  of  numerous  important  papers  and  an  extensive  reference  list.  With 
this  base  information,  Alberta  Environment  engaged  the  services  of  Dr.  Whittaker  of 
the  University  of  Alberta  to  document  the  rationale  for  using  risk  analysis  and 
develop  the  framework  for  guantifying  the  risk  from  sour  gas  facilities  (Whittaker 
1976). 


After  several  revisions,  the  tentative  subdivision  guidelines  proposed  in  the 
summer  of  1976  contained  one  major  change:  subdivision  to  a density  of  eight  lots 
per  guarter  section  or  parcels  of  not  less  than  8 ha  (20  acres)  in  size  were  to  be 
permitted  within  the  100  ppm  isopleth.  An  important  feature  of  all  subdivision 
guidelines  is  that  they  are  always  subject  to  waiver  by,  and  appeal  to,  the  Alberta 
Planning  Board.  These  proposed  guidelines  were  then  submitted  to  the  Canadian 
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Petroleum  Association  and  the  Independent  Petroleum  Association  of  Canada  for 
comment  by  the  sour  gas  operators. 

Meanwhile,  there  had  been  two  more  well  blowouts  resulting  in  evacuation  of 
nearby  farms  and  settlements,  and  application  of  the  100  ppm  guideline  was  beginning 
to  have  serious  ramifications.  Firstly,  land  values  were  being  affected  by  the 
restriction  on  subdivision.  The  strenuous  objections  of  landowners ' in  west  central 
Alberta  to  the  drilling  of  a sour  gas  well  near  their  property  prompted  the  first 
ever  public  hearing  on  a gas  well.  As  a result  the  drilling  site  was  relocated. 

Secondly,  the  growth  of  several  communities  was  threatened,  for  example,  the 
entire  village  of  Crossfield  was  found  to  lie  within  the  exclusion  zone.  Hence, 
concern  was  expressed  over  the  reliability  of  the  methods  used  to  calculate  the 
isopleth  distance.  The  ERCB  upon  advice  from  Alberta  Environment  had  developed  some 
simple  plume  models  for  gas  wells  which  were  also  applied  to  pipelines  under  the 
assumption  that  it  would  take  twenty  minutes  to  exhaust  a pipeline.  The  ERCB  hired 
a consultant  (Intera  Environ.  Consultants  1976)  to  refine  the  isopleth  calculation 
using  a numerical  simulation  model.  Alberta  Environment  hired  Dr.  Whittaker  to 
extend  his  earlier  work  and  do  a detailed  risk  assessment  (Whittaker  1977).  Failure 
modes  were  identified  and  their  probability  of  occurrence  determined  from  historical 
records.  In  combination  with  wind  and  stability  data,  the  probability  of  experien- 
cing hazardous-to-life  concentrations  (>500  ppm)  within  the  town  boundaries  was 
calculated  using  Monte  Carlo  Simulation  to  sum  over  all  possible  cases.  The  risk 
was  found  to  be  in  the  order  of  1/3000,  clearly  unacceptable  by  usual  society  norms. 
The  only  mitigative  measure  that  made  a significant  reduction  in  the  risk  was  the 
removal  of  the  pipeline.  This  was  a general  conclusion  even  though  the  different 
dispersion  models  gave  considerably  different  results. 

The  subsequent  ERCB  staff  report  recommended  a number  of  special  safety  measu- 
res, abandonment  of  one  pipeline  and  suspension  of  one  well.  The  ERCB  then  ordered 
the  operator  to  relocate  the  offending  pipeline,  an  order  which  eventually  led  to  a 
public  hearing  over  the  new  route.  The  hearing  provided  a forum  for  interested 
members  of  the  public  to  debate  the  idea  of  decision-making  based  upon  probability 
calculations.  The  operators  objected  to  the  number  used  for  the  failure  rate  on  the 
grounds  that  they  had  a better  than  average  operating  history,  but  did  accept  that 
risk  could  be  so  calculated.  A group  of  property  owners  affected  by  the  relocated 
pipeline  argued  that  the  only  way  risk  could  be  assessed  was  from  the  number  of 
fatalities  directly  attributable  to  pipeline  ruptures.  The  village  was  convinced 
that  the  existing  line  presented  an  unacceptable  risk.  The  ERCB  Decison  Report 
also  found  fault  with  the  data  base,  but  was  generally  in. agreement  with  the  method- 
ology (ERCB  1978b).  Thus  it  was  publicly  accepted  that  it  is  possible  to  determine 
the  risk  inherent  in  a system,  that  there  are  levels  of  risk  which  society  will 
accept,  and  that  such  levels  can  be  subjected  to  public  debate. 

The  town  of  Okotoks  was  likewise  constrained  by  the  existing  subdivision 
policy.  Under  contract  to  the  ERCB,  Whittaker  (1978)  extended  his  earlier  work  to 
incorporate  the  probability  of  receiving  a lethal  dose  during  the  passage  of  a gas 
cloud  of  a given  average  concentration.  This  accounted  for  concentration  fluctua- 
tions within  the  plume  and  exposure  time.  The  control  zone  was  then  to  be  defined 
by  the  calculated  acceptable  risk  contour,  with  the  level  10-^  being  proposed. 

Although  specific  problem  areas  were  being  subjected  to  increasingly  sophisti- 
cated risk  assessment,  the  provincial  policy  continued  to  hinge  on  the  100  ppm  iso- 
pleth criterion  using  worst  case  conditions:  the  largest  possible  gas  flow  in  the 
most  unfavourable  weather  conditions.  Whittaker's  first  report  had  proposed  that 
worst  case  evaluation  be  dropped  and  that  all  possible  cases  be  considered  along 
with  their  probability  of  occurrence.  The  jad  hoc  committee  responsible  for  the 
guidelines  had  considered  this  approach  but  had  decided  that  it  was  too  complicated 
for  ready  implementation.  They  had  also  decided  to  prohibit  subdivision  entirely 
within  the  500  ppm  isopleth,  the  "dangerous  to  life"  zone,  and  to  implement  these 
guidelines  for  a trial  period  of  two  years.  This  was  accomplished  by  placing  them 
in  The  Subdivision  Regulation  (Alberta  Planning  Board  responsible)  and  in  an  Interim 
Directive  (ERCB  responsible). 

This  decision  focussed  attention  on  the  manner  of  calculating  the  worst  case 
isopleths.  The  numerical  model  used  by  one  consultant  gave  quite  different  results 
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from  the  simple  model  originally  used  by  the  ERCB  and  Alberta  Environment.  It 
became  apparent  that  the  twenty-minute  rule  was  not  valid  and  that,  in  fact,  a 
ruptured  pipeline  would  empty  in  a matter  of  a few  minutes.  Alberta  Environment 
then  proposed  a simple  puff  model,  effectively  assuming  an  instantaneous  release  of 
gas.  This,  however,  gave  much  larger  isopleth  distances,  a result  not  at  all  appre- 
ciated by  land  developers  or  sour  gas  operators.  The  ERCB  engaged  a different  con- 
sultant (Dilworth  et  al.  1977)  with  a multiple  puff  dispersion  model  and  a refined 
pipe  gas  flow  model,  but  the  results  were  little  different.  Alberta  Environment 
commenced  development  of  an  integrated  puff  atmospheric  dispersion  model  (Choukalos 
1978).  A variant  of  this  model  was  turned  over  to  the  ERCB  and  became  the  basis  for 
their  own  multiple  puff  model  (ERCB  1978a). 

The  refined  puff  models  gave  results  not  greatly  different  from  the  simple 
puff  models,  but  there  were  large  differences  between  the  puff  model  predictions  and 
the  numerical  model  predictions.  Isopleth  distances  for  the  former  were  generally 
two  or  three  times  larger  than  for  the  latter.  This  produced  considerable  confusion 
in  determining  how  much  land  was  affected.  At  one  point  the  ERCB  was  holding 
applications  for  130  km  of  pipeline  because  it  would  potentially  restrict  subdivi- 
sion on  some  300  sections  of  land,  prohibit  it  on  another  175  sections  and  block  the 
expansion  of  two  towns.  Technical  discussions  were  unable  to  resolve  the  computa- 
tional differences,  but  it  was  recognized  that  a number  of  assumptions  about  source 
conditions  might  be  responsible.  The  ERCB  and  Alberta  Environment  proposed  a field 
experiment  to  APIGEC  for  verification  purposes.  As  a first  step  APIGEC  commissioned 
a literature  review  of  all  relevant  aspects  (Bander  1979). 

The  confusion  about  calculation  methods  caused  considerable  delay  in  proces- 
sing both  pipeline  and  subdivision  applications.  In  fact,  virtually  all  applica- 
tions for  sour  gas  facilities  were  being  scheduled  for  hearings,  a rather  protracted 
process  that  heretofore  had  been  used  only  for  major  projects.  Contributing  to  the 
problems  with  the  calculation  methods  was  an  award  by  the  Surface  Rights  Board  to  a 
landowner  for  the  injury  to  values  of  land  contained  within  the  isopleths.  Shortly 
thereafter  a group  of  11  sour  gas  producers  led  by  Shell  Canada  Resources  Limited 
proposed  to  APIGEC  an  immediate  field  verification  of  the  isopleth  prediction  tech- 
nigues  to  be  carried  out  in  four  phases: 

1.  sensitivity  analysis  of  dispersion  models  to  identify  the  most 
significant  variables; 

2.  preliminary  field  tests  to  evaluate  experimental  techniques 
and  gather  preliminary  information  on  source  behaviour; 

3.  comprehensive  field  experiments  to  obtain  complete,  reliable 
data  on  the  release  and  dispersion  of  gases  from  a pipeline 
rupture; 

4.  model  testing  and  verification  to  select  the  best  model  and 
and  optimize  its  performance. 

The  APIGEC  quickly  approved  the  first  two  phases. 

The  sensitivity  study  (APIGEC  1978)  revealed  that  plume  rise  and  pipeline 
blowdown  rate  were  the  most  critical  variables  in  calculating  isopleth  locations. 
The  preliminary  pipe  burst  tests  (APIGEC  1979)  indicated  that  in  a typical  rupture 
there  is  virtually  no  plume  rise,  confirming  the  early  worst  case  assumption. 
Confirmation  of  the  consultant's  pipeline  blowdown  model  was  also  obtained.  This 
meant  that  the  pessimistic  assumptions  used  in  the  isopleth  calculations  were 
reasonable  and  that  the  unacceptable  large  exclusion  areas  would  not  be  reduced  by 
virtue  of  large  plume  rise  or  different  blowdown  rates.  In  order  to  alleviate  the 
massive  land  use  conflict,  worst  case  assessment  would  have  to  be  abandoned  in 
favour  of  risk  analysis. 

Not  yet  comfortable  with  Risk  Analysis,  the  ERCB  hired  a United  States  con- 
sultant (Battelle  1978)  to  review  the  risk  studies  completed  up  to  that  point  and 
recommend  improvements.  The  ERCB  (Atwell  et^  _al_.  1979)  then  proceeded  to  do  a risk 
assessment  based  on  "statistical"  or  "aggregate"  risk  to  a population.  Hydrogen 
sulphide  concentrations  were  predicted  using  the  multiple  puff  atmospheric  disper- 
sion model  and  for  different  concentration  ranges  a different  fractional  fatality 
was  assigned  (Fig.  1.1);  for  example,  if  the  H2S  concentration  was  between  500  and 
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1000  ppm,  50%  of  the  population  was  considered  to  have  received  a fatal  dose.  The 
concentration  fields  were  than  superimposed  on  a populated  area  of  1 km^  at  various 
distances  from  the  pipeline  and  with  various  population  densities.  From  the  total 
number  of  fatalities  it  was  then  possible  to  construct  two  graphs: 

1.  the  "average  individual  risk"  versus  distance  from  the  pipeline 
(Fig.  1); 

2.  the  number  of  events  per  year  versus  the  number  of  fatalities 
(so-called  "risk  spectrum"). 

The  former  curve  underwent  a sharp  initial  decline  and  then  levelled  off.  This 
suggested  that  the  location  of  the  "break-point"  or  "point  of  diminishing  returns" 
might  provide  a suitable  demarcation  of  the  buffer  zone. 


Fig.  1.1  Average  urban  individual  risk  versus  separation  distance  for  sour  gas 
facilities 


Concurrently,  Alberta  Environment  again  retained  Dr.  J.D.  Whittaker  to  conso- 
lidate his  risk  work  and  produce  a refined  model  for  estimating  individual  risk. 
Alberta  Environment  also  engaged  another  university  consultant  to  develop  an  analy- 
tical blowdown  solution  and  an  "effective  plume"  model  to  handle  the  transient 
nature  of  the  release.  The  release  and  dispersion  model  (Wilson  1979)  also  consi- 
dered the  relationship  between  concentrations  indoors  and  outdoors  and  the  fluctua- 
tions of  concentration  within  the  gas  cloud.  Uncertainty  about  the  concentration- 
time  effects  for  H2S  toxicity  prompted  Alberta  Environment  to  commission  an  experi- 
mental investigation  of  lethality  to  white  mice  (Clanachan  1979).  Lower  concentra- 
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tions  required  longer  exposure  time  to  produce  death,  but  at  higher  concentrations 
the  time  dependence  disappeared  beyond  about  10  minutes. 

Alberta  Environment  incorporated  these  results  into  a computer  program 
(Choukalos  1980)  for  estimating  individual  risks  as  a function  of  distance  from  the 
pipeline  (Fig.  1.2).  An  instantaneous  exposure  to  500  ppm  was  considered  to  be 
lethal.  Input  variables  include  pipeline  characteristics  (diameter,  length,  fric- 
tion factor),  gas  characteristics  (molecular  weight,  specific  heat,  temperature, 
pressure,  composition),  rupture  location,  atmospheric  temperature,  wind  direction, 
atmospheric  stabilty,  daylight  hours,  building  air  exchange  times,  breathing  rate, 
whether  a person  is  indoors  or  outdoors,  ground  surface  roughness,  plume  fluctuation 
intensity,  turbulence  intermittency  and  pipeline  failure  rate.  The  appropriate 
joint  probability  distributions  are  combined  in  accordance  with  the  rules  of  proba- 
bility calculus  and  the  final  probability  determined  by  summing  over  all  possible 
cases.  Hence,  in  this  approach  risk  is  the  probability  that  an  individual  will 
inhale  a volume  of  air  containing  a concentration  in  excess  of  500  ppm  hydrogen 
sulphide. 


Fig.  1.2.  Risk-distance  curves  for  sour  gas  pipelines 
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In  order  to  derive  a distance  for  a buffer  zone  from  the  resulting  graph,  a 
level  of  acceptable  risk  must  be  established.  Arguing  that  traditional  risk  compa- 
risons were  really  "apples  and  oranges"  Whittaker  (1980)  proposed  that  changes  in 
life  expectancy  could  be  used  as  a consistent  unit  of  measure,  the  benefits  being 
represented  by  the  rate  of  increase  of  life  expectancy  and  the  cost  by  the  loss  of 
life  expectancy  when  a specified  level  of  risk  is  imposed.  The  time  taken  to 
recover  the  loss  then  represents  the  "cost  to  benefit  ratio".  A risk  of  10“^  leads 
to  a recovery  period  of  about  four  months  while  a risk  of  10-^  reguires  about  three 
years. 


With  preliminary  results  from  these  studies  in  hand,  a new  set  of  guidelines 
was  proposed.  The  difficulties  experienced  in  the  administration  of  rules  involving 
highly  technical  calculations  were  not  to  be  repeated.  Using  the  risk  results  and  a 
"round  numbers"  approach,  fixed  distances  were  set  for  different  sizes  of  sour  gas 
facilities  and  different  densities  of  subdivision  (Table  1.1).  The  ERCB  issued  a 
new  Interim  Directive  and  a few  months  later  the  Alberta  Planning  Board  amended  the 
Subdivison  Regulations. 


Table  1.1  Summary  of  minimum  distance  reguirements  separating  new  sour^  gas  facili- 
ties from  residential  and  other  developments  in  the  Province  of  Alberta 


Level  of 
sour  gas 
facility 

Sour  gas 
well 

release  rate 
m^/s 

Potential  H2S 

Other  sour  gas 
facility 
release  volume 
m^ 

Releases 

Minimum  distance  to  various 
developments 

1 

<0.3 

<300 

No  minimum  distance  except  that 
associated  with  easement  for 
right  of  way  (usually  about  13  m) 

2 

0.3  - 2.0 

300  - 2000 

0.1  km  to  individual  permanent 
dwellings  up  to  8 per  1/4 
section  density. 

0.5  km  to  urban  centre  or  public 
facility. 

3 

2.0  - 6.0 

2000  - 6000 

0.1  km  to  individual  permanent 
dwellings  up  to  8 per  1/4 
section  density. 

0.5  km  to  an  unrestricted  country 
development. 

1.5  km  to  an  urban  centre  or  public 
facility. 

4 

r 

>6.0 

>6000 

case  by  case  basis  but  not  less  than 
Level  3. 

(H2S). 


Developers,  landowners,  gas  producers,  planners  and  regulators  were  generally 
satisfied  with  the  new  policy  and  the  level  of  effort  wound  down  guickly.  Documen- 
tation of  the  risk  methodologies  did  not  appear  for  some  time  as  staff  were  reassig- 
ned. Phases  III  and  IV  of  the  APIGEC  isopleth  prediction  study  received  no  further 
consideration,  However,  a general  awareness  of  the  sour  gas  hazard  remains  and  con- 
tinues to  infiltrate  the  decision-making  process  at  various  levels  in  both  govern- 
ment and  industry. 


1.2  ANALYSIS  AND  EVALUATION 

Sour  oil  and  gas  had  been  produced  in  Alberta  for  several  decades  before  the 
1973  incident,  hydrogen  sulphide  long  being  recognized  as  an  occupational  hazard. 
Alberta  Workers'  Health,  Safety  and  Compensation  had  a number  of  safety  regulations 
for  the  workplace  and  both  government  and  industry  were  involved  in  education  and 
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training  programs.  Between  1969  and  1973  there  were  221  cases  of  H2S  exposure, 
with  a 6%  mortality  rate.  Between  1930  and  1976  there  were  16  well  blowouts  covering 
an  operating  history  of  43,700  well  years.  Between  1961  and  1976  there  were  13 
pipeline  ruptures  (major  breaks)  covering  an  operating  history  of  about  95,000  sour 
gas  pipeline  years.  Prior  to  the  incident  in  central  Alberta,  most  of  the  sour  gas 
releases  had  been  in  relatively  remote  areas  because  the  sour  fields  were  located 
mainly  in  the  foothills.  As  the  population  grew  and  petroleum  exploration  conti- 
nued, it  was  inevitable  that  some  day  the  two  would  collide.  To  the  general  public, 
that  day  was  October  2,  1973,  when  there  was  extraordinary  news  media  coverage  of 
the  large-scale  evacuation  accompanying  the  oil  well  blowout.  Although  the  authori- 
ties had  already  encountered  the  land  use  conflict  in  northeast  Calgary,  this  event 
served  to  thrust  the  problem  into  full  public  view  and  to  give  impetus  to  the 
efforts  aimed  at  its  solution. 

In  developing  the  response  to  the  problem,  information  was  amassed  in  three 
main  categories: 

1.  Failure  frequencies  stratified  by  cause  and  size  of  gas  release. 

This  information  was  incomplete  and  difficult  to  retrieve  from  the 
files  because,  of  course,  filing  systems  are  developed  around  admi- 
nistrative functions,  not  specific  data  needs.  Eventually  a fairly 
complete  record  of  pipeline  breaks  and  well  blowouts  was  assembled 
(Atwell  et  al.  1979). 

2.  Concentration  predictions  involving: 

(a)  source  conditions  - size  of  leak,  rise  of  gas,  initial 
dilution,  gas  flow  rate; 

(b)  peak-to-mean  fluctuations; 

(c)  diffusion  of  a transient; 

(d)  indoor-outdoor  relations. 

Meteorologists  have  been  making  diffusion  predictions  for  several 
decades.  The  theory  is  well  developed  but  the  empirical  input  data 
are  subject  to  considerable  uncertainty.  Also  there  was  apparently 
a fundamental  conflict  between  the  "puff"  models  and  the  numerical 
models.  The  assumptions  about  the  source  were  identified  as  the 
cause  of  many  discrepancies  in  the  various  calculations.  Both  the 
model  differences  and  the  source  conditions  were  investigated  in 
research  projects  commisioned  by  APIGEC  (1978;  1979). 

3.  Health  effects  - lethal  concentration  limits,  peak  or  time  inte- 
grated (dose  related). 

Knowledge  of  the  lethality  of  hydrogen  sulphide  was  based  on  a few 
animal  experiments;  accounts  of  accidental  human  deaths  contained 
only  estimated  concentrations.  The  toxicity  at  high  concentrations 
is  not  well  documented  for  humans  and  probably  never  will  be.  This 
was  not  a major  obstacle  because  one  can  always  choose  a concentra- 
tion below  any  suspected  toxic  level.  In  order  to  clarify  the  de- 
pendence of  lethality  on  concentration  and  time,  a laboratory  expe- 
riment with  white  mice  was  performed  by  Dr.  A.S.  Clanachan  (1979). 

The  first  step  in  solving  the  problem  involved  a review  of  the  records  on 
release  frequencies  and  the  toxicity  of  hydrogen  sulphide.  It  was  concluded  that  an 
exposure  to  a concentration  of  less  than  100  ppm  would  not  kill  anyone.  Since  the 
time  between  a pipeline  rupture  and  the  arrival  of  a toxic  gas  cloud  at  any  nearby 
location  is  measured  in  minutes,  conventional  disaster  responses  of  warning  and 
evacuation  are  not  feasible.  The  only  way  to  avoid  a potential  catastrophe  is  to 
exclude  all  settlement  from  the  area  where  concentrations  in  excess  of  100  ppm  might 
be  experienced.  Later  this  was  relaxed  to  exclude  all  settlement  from  the  area 
potentially  affected  by  "immediately  dangerous-to-life"  concentrations  in  excess  of 
500  ppm  and  to  permit  low  density  subdivision  in  the  area  between  the  100  ppm  and 
500  ppm  isopleth.  In  actual  fact  no  member  of  the  general  public  has  ever  been 
killed  by  an  uncontrolled  release  of  hydrogen  sulphide.  Occupational  fatalities 
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were  well  documented;  for  instance,  in  November  1977,  a tractor  operator  construc- 
ting a road  to  a well  site  tore  open  a sour  gas  line  operated  by  another  oil  company 
and  was  killed  when  he  misjudged  his  escape  route  and  ran  directly  into  the  gas 
cloud. 


Hence,  the  initial  response  was  to  add  a large  margin  of  ^safety;  i.e.  to 
choose  a concentration  isopleth  well  below  known  limits  of  fatality,  its  location 
being  calculated  using  the  maximum  possible  release  and  the  worst  possible  source 
configuration  and  meteorological  conditions.  This  approach  was  well  received  until 
all  of  its  ramifications  became  apparent:  some  communities  could  not  expand,  large 
tracts  of  land  could  not  be  developed,  land  values  fell,  investors  lost  money,  some 
citizens  felt  their  rights  as  landowners  were  being  abrogated,  and  gas  producers 
were  subject  to  long  delays,  protracted  procedures  and  even  denial  of  certain  pipe- 
line routes  or  well  locations. 

There  was  never  any  serious  question  about  the  benefits  of  sour  gas,  since  it 
is  part  of  the  industry  responsible  for  Alberta's  prosperity.  This  is  reflected  in 
the  original  perception  of  the  problem  as  "the  encroachment  of  urban  areas  upon  sour 
gas  facilities"  rather  than  as  a pure  land  use  conflict.  Whittaker  (1980)  explored 
the  benefits  in  a general  way  because  risk  anaysis  is  useful  only  in  a comparison  or 
tradeoff  situation.  While  welfare  economics  provides  the  basis,  risk  benefit  analy- 
sis flounders  because  of  the  difficulty  of  assigning  monetary  values  to  life.  The 
"life  expectancy"  approach  adopted  by  Whittaker  allows  one  to  assess  the  benefits 
and  risks  of  technological  progress  in  consistent  units.  Whittaker  concluded  that  a 
sensible  tradeoff  occurs  for  risks  in  the  order  of  10”-*  per  person  per  year.  The 
alternative  is  simply  to  compare  the  risk  with  that  of  a similar  technology.  It  is 
difficult,  however,  to  establish  just  what  is  "similar"  in  terms  of  benefits. 
Commercial  air  travel  with  a risk  of  order  10-^  per  person  per  year  is  sometimes 
used  to  illustrate  an  existing  tradeoff  between  risk  and  benefit.  It  is  interesting 
that  Whittaker's  "life  expectancy"  approach  yields  a comparable  target.  In  dealing 
with  "average  population  risk"  the  shape  of  the  risk-distance  curve  obviated  the 
need  to  choose  an  acceptable  level  since  there  was  a reasonable  well-defined  "point 
of  diminishing  returns". 

In  retrospect,  the  problem  could  have  been  solved  much  sooner,  had  the  concept 
of  risk  analysis  as  a tool  for  public  decision-making  been  accepted  earlier  and 
resources  applied  in  that  direction.  "Worst  case"  assessment  has  the  appeal  of 
certainty  and  apparent  simplicity.  But  in  this  situation  there  were  far  too  many 
unacceptable  ramifications.  The  complexity  of  isopleth  calculations  led  first  to  a 
careful  investigation  of  individual  components  to  see  whether  they  could  be  brought 
closer  to  reality.  The  APIGEC  pipe  burst  tests  were  the  culmination  of  this  line  of 
attack.  When  preliminary  results  removed  the  major  uncertainties  in  the  isopleth 
prediction  methods  and  did  nothing  to  change  the  unacceptability  of  the  results, 
there  was  no  other  alternative  but  risk  analysis.  An  intensive  effort  was  mounted 
and  the  results  were  quickly  transformed  into  new  guidelines.  Unfortunately  Phase 
III  and  IV  of  the  pipe  burst  experiments  did  not  receive  further  consideration.  The 
results  of  these  comprehensive  tests  would  have  been  equally  as  useful  in  the  dis- 
persion calculation  component  of  risk  analysis  as  in  worst  case  assessment.  When 
attention  shifted  toward  risk  analysis,  interest  in  anything  related  to  the  earlier 
line  of  attack  seemed  to  die  instantly. 

Concurrent  to  the  development  of  assessment  techniques  and  regulatory  guides, 
industry  and  the  ERCB  were  working  to  reduce  the  risk  by  technological  means.  Block 
valves  were  installed  at  closer  spacings  in  sour  gas  pipelines  and  were  equipped 
with  flare  depressurization  systems.  Internal  surveys  and  x-rays  for  pipe  condition 
were  increased  to  detect  corrosion-induced  leaks.  Pipelines  were  to  be  inspected  by 
company  personnel  on  foot  to  check  for  small  leaks.  The  location  of  pipelines  was 
conspicuously  marked  at  roads,  road  allowances,  fences  and  other  points  of  external 
activity.  Contractors  excavating  or  working  across  pipeline  right-of-ways  were 
required  to  notify  the  pipeline  operator  prior  to  work  commencement.  Operation  of 
the  pipelines  at  lower  pressure  was  also  considered.  About  one-third  of  reported 
pipeline  ruptures  are  due  to  outside  forces  rather  than  pipe  corrosion  or  pipe 
defects.  Technological  measures  cannot  eliminate  ruptures  from  this  cause  nor  is  it 
likely  that  significant  reductions  in  frequency  can  be  achieved.  Blowout  prevention 
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measures  at  gas  wells  were  also  improved.  Remote  and  automatic  controls  were  some- 
times required  to  close  a producing  well.  Sometimes  H2S  detectors  were  also  requi- 
red. Servicing  operations  and  equipment  at  wells  was  under  surveillance  24  hours 
per  day  even  when  crews  were  not  working  on  the  rig.  Blowout  preventers  (valves)  on 
drilling  rigs  were  upgraded  and  more  thorough  operator  training  initiated.  Better 
planning  also  resulted  from  the  growing  awareness  of  the  sour  gas  hazard.  For 
example,  the  ERCB  required  sour  gas  operators  to  file  detailed  contingency  plans 
showing  what  steps  would  be  followed  if  an  accident  occurred.  Applications  for 
wells  and  pipelines,  previously  submitted  separately,  were  now  requested  jointly. 
The  ERCB  is  now  asking  for  strategies  on  the  development  of  entire  gas  fields. 

Generally,  everyone  seemed  satisfied  with  the  final  form  of  the  regulations. 
There  were  still  areas  with  considerable  pressure  for  residential  development  in 
close  proximity  to  sour  gas  facilities,  but  the  emergence  of  a reasonable  policy  has 
made  these  easier  to  handle.  However,  as  time  passes  and  memory  of  the  original 
large  exclusion  distances  fades,  the  policy  may  be  increasingly  challenged  by  deve- 
lopers. On  the  other  hand,  if  a pipeline  near  a sizable  community  should  rupture 
and  someone  should  actually  be  killed,  public  concern  for  greater  safety  could  exert 
pressure  in  the  opposite  direction. 

This  case  study  illustrates  several  points  with  respect  to  risk  management: 

1.  The  response  is  evolutionary  with  successive  steps  depen-dent 
upon  the  acceptability  of  proposed  measures; 

2.  Several  government  jurisdictions  may  be  involved  and  success  in 
dealing  with  a problem  depends  upon  their  cooperation  and  coor- 
dination; 

3.  The  active  involvement  of  the  parties  being  regulated  facili- 
tates progress; 

4.  Considerable  expenditures  of  money,  both  public  and  private, 
may  be  necessary  to  obtain  information  needed  at  various 
stages; 

5.  Acceptance  of  new  concepts  can  be  slow  and  incomplete; 

6.  An  easily  understood  and  administered  form  of  regulation  is 
preferred  even  in  highly  complex  technical  matters. 
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CASE  STUDY  No.  2 
A CENTURY  OF  SACCHARIN 

L.  Bradshaw,  D.L.  Arnold  and  D.  Krewski 
Food  Directorate,  Health  Protection  Branch 
Health  and  Welfare  Canada,  Ottawa,  Ontario 


2.1  INTRODUCTION 

Saccharin  was  first  synthesized  over  100  years  ago  and  eventually  became  popu- 
lar as  an  inexpensive  sugar  substitute  and  non-nutritive  sweetening  agent.  There 
was  some  concern  as  early  as  1890  regarding  the  potential  adverse  effects  of  saccha- 
rin upon  human  health,  which  led  France  and  several  other  European  countries  to 
forbid  its  manufacture  or  importation  (Hunter  1971).  Similar  action  was  taken  in 
the  United  States  in  1912.  Shortages  of  sugar  during  World  War  I,  however,  resulted 
in  the  ban  on  saccharin  being  lifted.  Further  toxicological  investigations  were 
subseguently  conducted  and  committees  were  convened  by  the  U.S.  National  Research 
Council  first  in  1955  and  then  in  1968  to  evaluate  the  latest  toxicological  data 
concerning  the  potential  adverse  effects  of  saccharin  on  human  health. 

Cyclamates  were  banned  as  an  artificial  sweetener  in  soft  drinks,  soft-drink 
mikes,  jams,  jellies,  desserts,  pediatric  drugs  and  canned  fruits  in  1969  (Health 
and  Welfare  Canada  1969a;  b).  Although  cyclamates  remained  available  as  a table-top 
sweetener,  it  was  anticipated  that  the  ban  on  other  uses  would  lead  to  a dramatic 
increase  in  the  use  of  saccharin.  Conseguently,  a concerted  world-wide  effort  was 
undertaken  to  determine  the  safety  of  saccharin  using  the  latest  toxicological 
testing  procedures.  In  this  regard,  at  least  fourteen  long-term  animal  experiments 
were  initiated  in  six  countries  including  Canada  (OTA  1977).  The  last  experiment 
prior  to  regulatory  action  being  taken  in  Canada  was  a two-generation  study  conduc- 
ted by  the  Health  Protection  Branch  (HPB)  of  Health  and  Welfare  Canada.  This  study 
confirmed  that  saccharin  itself,  rather  then  any  impurity  or  comtaminant,  was  the 
agent  responsible  for  the  bladder  tumours  observed  in  rats  fed  diets  containing  high 
levels  of  saccharin  (Arnold  et  al.  1980).  The  results  of  the  various  animal  studies 
were  evaluated  in  conjunction  with  the  potential  benefits  of  saccharin  for  the  con- 
sumer, including  its  potential  for  the  prevention  or  control  of  diabetes,  obesity, 
dental  caries,  hyperlipidemia  and  hypoglycemia,  and  its  role  in  drug  formulations. 
On  March  9,  1977,  the  Minister  of  Health  and  Welfare  announced  his  decision  to  phase 
out  the  use  of  saccharin  as  a food  and  cosmetic  additive  as  well  as  its  use  as  a 
sweetening  agent  in  drugs,  but  to  allow  it  to  be  sold  in  pharmacies  (Health  and 
Welfare  Canada  1977a). 


2.2  SACCHARIN'S  EARLY  HISTORY 

Saccharin  was  first  synthesized  at  the  Johns  Hopkins  University  in  Baltimore 
by  Remsen  and  Falberg  (1879).  Being  200-700  times  sweeter  than  sugar  (IARC  1980), 
its  potential  as  a sweetening  agent  was  guickly  recognized.  One  of  saccharin's 
first  commercial  usages  in  North  America  was  as  a sugar  substitute  in  canned  vege- 
tables and  beverages  that  were  subject  to  heat  damage  due  to  lack  of  refrigeration 
(ACSH  1979). 

Early  testing  of  saccharin  in  experimental  animals  and  man  reflected  the  toxi- 
cological standards  of  the  time.  In  one  of  the  first  tests  in  which  saccharin  was 
administered  to  man,  diabetics  were  reported  to  have  tolerated  five  grams  of 
saccharin  per  day  for  a period  of  five  months.  Another  report  claimed  that  the  only 
adverse  effect  observed  in  an  individual  who  consumed  52  grams  of  saccharin  over  a 
period  of  nine  days  was  diarrhea  (Neumann  1927).  However,  there  was  apparently 
sufficient  concern  about  saccharin  to  hold  an  international  meeting  in  Brussels  in 
1908  for  the  purpose  of  recommending  ways  of  controlling  saccharin  in  food  and 
beverages  (de  Boer  and  Bosgra  1943). 

Some  early  testing  technigues  reguired  a degree  of  self  sacrifice  rarely  seen 
today.  It  is  recounted  that  in  1902  the  renowned  Harvey  Wiley,  then  Chief  Chemist 
with  the  U.S.  Department  of  Agriculture,  formed  a "poison  sguad"  of  volunteers  to 
test  numerous  food  ingredients  (Marine  and  van  Allen  1972).  After  one  such  test, 
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Wiley  recommended  to  President  Theodore  Roosevelt  that  saccharin  should  be  banned 
because  it  was  "highly  injurious  to  health".  Roosevelt  declared  that  "anybody  who 
says  saccharin  is  injurious  to  health  is  an  idiot"  on  grounds  that  his  personal 
physician,  Dr.  Rixey,  prescribed  it  for  him  every  day  (Coon  1975). 

Although  President  Roosevelt  was  apparently  convinced  that  saccharin  was  safe 
for  human  use,  he  nonetheless  formed  a Referee  Board  in  1907  to  evaluate  the  in- 
fluence of  saccharin  on  nutrition  and  health.  The  chairman  was  the  co-discoverer  of 
saccharin,  Ira  Remsen.  The  Board's  findings  were  announced  in  1911  during  the  pre- 
sidency of  W.H.  Taft,  and  saccharin  was  banned  from  use  in  soft  drinks  and  other 
foods  as  an  adulterant  under  the  Pure  Food  and  Drugs  Act  (Munro  et  al.  1974). 

Since  sugar  was  not  readily  available  during  World  War  I,  restrictions  on  the 
use  of  saccharin  were  lifted  both  in  Europe  and  North  America.  After  the  war,  its 
use  as  a food  additive  continued  and  the  United  States  government  brought  suit 
against  the  Monsanto  Company  for  violating  the  Pure  Food  and  Drugs  Act  in  1919;  the 
case  was  eventually  dismissed  in  1925  (Munro  et_  aJ^.  1974).  Subsequently,  numerous 
animal  tests  of  relatively  short  duration  were  conducted  to  ascertain  potential 
adverse  health  effects  in  man.  In  1951  Fitzhugh  et^  a_l.  reported  an  excess  incidence 
of  lymphomas  in  certain  groups  of  rats  fed  diets  containing  saccharin  for  prolonged 
periods. 


In  1955  the  U.S.  National  Academy  of  Sciences/National  Research  Council  (NAS/ 
NRS)  Committee  on  Food  Protection  reviewed  the  scientific  evidence  on  the  safety  of 
saccharin.  They  concluded  that  the  maximum  expected  consumption  was  not  likely  to 
be  hazardous  and  suggested  that  an  acceptable  intake  of  saccharin  was  at  least  one 
gram  per  day. 

The  consumption  of  saccharin  had  been  increasing  steadily  in  North  America 
after  the  case  against  Monsanto  was  dismissed  in  1925,  and  its  use  further  escalated 
after  1959  when  the  U.S.  Food  and  Drug  Administration  (FDA)  allowed  artificial 
sweeteners  to  be  used  in  a variety  of  prepared  foods  initially  designed  for  use  in 
special  diets.  Later,  in  the  diet/soft-drink  revolution  of  the  sixties,  such  foods 
were  marketed  not  only  for  consumption  by  people  who  had  to  restrict  their  sugar  or 
caloric  intake,  but  as  non-nutritive  or  non-caloric  products  for  use  by  the  general 
public  (Munro  et_£l.  1974). 

Due  to  the  increased  use  of  saccharin,  either  alone  or  in  combination  with 
cyclamate,  the  U.S.  FDA  requested  a re-evaluation  of  all  of  the  toxicological  data 
on  saccharin  by  an  ac[  hoc  Subcommittee  of  the  NAS/NRC  Committee  on  Food  Protection 
in  1968.  This  committee  concluded  that  an  intake  of  less  than  one  gram  of  saccharin 
per  day  by  an  adult  should  present  no  hazard,  but  recommended  further  studies  on  the 
basis  that  the  existinq  animal  experiments  concerning  chronic  toxicity  and  potential 
carcinogenicity  of  saccharin  were  outmoded  by  current  standards  (NRC  1968). 


2.3  SACCHARIN  IN  THE  SEVENTIES 

New  interest  and  concern  about  saccharin  were  prompted  by  the  ban  on  the  use 
of  cyclamates  as  a food  additive  in  1969,  which  seemed  certain  to  lead  to  increased 
consumption  of  saccharin.  Thus,  another  jad  hoc  Subcommittee  of  the  NAS/NRC 
Committee  on  Food  Protection  was  convened  in  1970.  Their  findings  were  in  keeping 
with  the  earlier  reports  - but  with  recommendations  for  further  studies,  including 
chronic  toxicity  tests  in  two  species  in  accordance  with  modern  protocols,  epide- 
miologic studies  with  emphasis  on  diabetics  and  prenatal  exposure,  comparative 
metabolic  studies  in  animals  and  humans,  and  investigation  of  possible  interactions 
between  saccharin  and  certain  other  chemicals.  While  this  report  was  never  publi- 
shed per  se  (OTA  1977),  many  of  these  studies  were  carried  out  in  laboratories 
around  the  world  during  the  seventies  (OTA  1977;  Arnold  et^  jal . 1980). 

The  view  that  saccharin  is  a tumourigenic  agent  in  experimental  animals  was 
not  supported  by  the  conventional  animal  studies  in  which  rats,  mice  and  hamsters 
were  fed  hiqh  doses  of  saccharin  throughout  their  lifetimes  from  the  time  of 
weaning.  These  findings  were  consistent  with  those  of  a number  of  epidemiological 
studies  that  were  published  in  the  early  seventies  (Armstrong  and  Doll  1974;  Kessler 
1970;  1976;  Morgen  and  Jain  1974).  About  this  time,  however,  it  was  suggested  that 
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a better  experimental  protocol  for  evaluating  the  carcinogenic  potential  of  a 
chemical  might  be  a two-generation  study  in  which  the  test  animals  would  be  exposed 
prior  to  weaning,  both  prenatally  via  the  placental  route  and  postnatally  through 
the  dam's  milk,  as  well  as  through  the  diet  after  weaning  as  in  the  case  of  conven- 
tional studies  (Friedman  1970).  An  industrial  group  contracted  the  Wisconsin  Alumni 
Research  Foundation  (WARF)  to  undertake  such  a two-generation  feeding  study  with 
saccharin.  One  of  its  more  significant  findings  was  the  excess  incidence  of  transi- 
tional cell  carcinomas  of  the  urinary  bladder  and  sguamous  cell  carcinomas  of  the 
uterus  in  animals  fed  diets  containing  5%  sodium  saccharin  (Tisdel  et_  al.  1974). 
Subseguently,  a similar  study  was  undertaken  by  the  U.S.  FDA  using  a greater  number 
of  test  animals. The  findings  of  this  study  confirmed  the  excess  incidence  of  bladder 
tumours  in  males  fed  diets  containing  7.5%  saccharin  ( Taylor  et_  _al_.  1980;  Taylor  and 
Friedman  1974).  However,  both  studies  were  criticized  on  the  grounds  that  insuffi- 
cient precautions  were  taken  to  eliminate  the  possibility  that  urinary  tract 
parasites  or  bladder  stones  were  responsible  for  the  tumours  (OTA  1977). 

The  high  dosages  of  saccharin  reguired  to  elicit  bladder  tumours  as  well  as 
their  apparent  predilection  for  the  second  generation  resulted  in  more  guestions 
than  answers  regarding  the  toxicological  profile  of  saccharin.  The  inability  of 
saccharin  to  induce  a significant  tumourigenic  response  in  any  one  of  the  conventio- 
nal feeding  studies,  including  the  one  conducted  at  HPB  (Munro  et  al.  1975),  led  to 
the  hypothesis  that  an  impurity  in  saccharin  might  be  responsible  for  the  observed 
tumourigenic  effects  (Grice  1975).  Analyses  conducted  in  the  HPB  laboratories  indi- 
cated that  ortho-toluenesulphonamide  (o-TS)  was  the  major  impurity  in  all  of  the 
samples  used  in  the  various  long-term  feeding  studies  (Stavric  et^  al^.  1974;  1976). 
All  of  these  samples  were  synthesized  by  the  Remsen-Fahlberg  method. 

Thus,  scientists  at  HPB  proposed  that  an  additional  two-generation  chronic 
feeding  study  be  undertaken  to  determine  the  validity  of  this  hypothesis.  The  ini- 
tial protocol  called  for  groups  of  rats  to  be  fed  either  a standard  control  diet  or 
one  of  several  diets  containing  graded  levels  of  o-TS.  However,  just  prior  to  the 
start  of  the  study,  a guantity  of  saccharin  synthesized  by  the  Maumee  procedure  be- 
came available.  This  method  results  in  less  total  impurities  than  with  the  Remsen- 
Fahlberg  procedure  and  no  detectable  levels  of  o-TS  (Arnold  et  al . 1980).  This  new 
material  was  fed  to  an  additional  group  of  rats  at  a level  of  5?o  in  the  diet,  a 
level  comparable  to  the  highest  dose  used  in  the  WARF  and  FDA  two-generation  studies 
as  well  as  several  conventional  one-generation  studies  (OTA  1977). 

Great  care  was  taken  to  ensure  that  the  HPB  two-generation  study  was  conducted 
in  accordance  with  the  best  toxicological  practices  employed  at  that  time  (Arnold  et_ 
al ♦ 1977;  1980).  Comments  on  the  experimental  protocol  were  solicited  from  other 
regulatory  agencies,  a number  of  well-known  toxicologists  and  several  industrial 
organizations.  In  addition,  a group  of  internationally  recognized  pathologists 
representing  sister  regulatory  agencies,  academia,  industry  and  private  institutions 
were  asked  to  assist  in  the  histological  evaluation  of  the  bladder  lesions. 

The  results  of  this  study  clearly  indicated  that  o-TS  did  not  induce  bladder 
tumours  in  the  rat  under  the  test  conditions.  More  importantly,  however,  the  inci- 
dence of  bladder  tumours  in  the  second  generation  saccharin-treated  males  was  found 
to  be  markedly  increased  relative  to  untreated  controls  (Arnold  at  al_.  1980). 


2.4  THE  SACCHARIN  DECISION 

Officials  of  the  U.S.  FDA  concurred  with  their  Canadian  counterparts  that 
sodium  saccharin  itself  rather  than  any  impurity  was  most  likely  responsible  for  the 
induction  of  the  bladder  tumours  observed  in  rats  (FDA  1977).  However,  application 
of  these  results  to  the  human  situation  would  require  downward  extrapolation  of  the 
data  obtained  at  dietary  levls  of  5%  in  the  animal  studies  to  much  lower  dosages 
corresponding  to  actual  human  exposure  levels  and  then  conversion  from  animal  to 
man. 


The  use  of  high  dosages  is  reguired  to  compensate  for  the  fact  that  laboratory 
studies  are  carried  out  using  relatively  small  numbers  of  animals  due  to  the  prac- 
tical limitations  imposed  by  space,  time  and  cost  (Sontag  1976;  OTA  1977).  Since 
direct  estimates  of  risk  associated  with  very  low  levels  of  exposure  would  require 
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many  thousands  of  animals,  smaller  numbers  are  used  to  estimate  the  measurable  res- 
ponse rates  associated  with  relatively  high  doses,  thereby  making  it  necessary  to 
extrapolate  to  lower  doses  (Crump  1979).  This  extrapolation  is  subject  to  consi- 
derable statistical  and  biological  uncertainty  (NAS  1978;  Munro  and  Krewski  1981) 
with  direct  experimental  demonstration  of  a threshold  or  no-effect  dose  for  carcino- 
genesis being  virtually  impossible  in  the  absence  of  knowledge  as  to  the  mechanism 
involved  (Brown  1976;  Truhaut  1979).  Thus,  although  generally  habitual  and  even 
conceivable  intakes  of  saccharin  by  man  were  considerably  below  the  animal  dosage 
shown  to  be  carcinogenic,  this  by  no  means  excluded  the  possibility  that  saccharin 
might  be  a human  carcinogen  in  practice  as  well  as  in  theory. 

A dietary  level  of  5%  was  chosen  for  the  HPB  two-generation  saccharin  study 
because  it  was  comparable  to  the  highest  dose  level  used  in  the  previous  two- 
generation  studies  (Tisdel  et_  al.  1974;  Taylor  and  Friedman  1974)  and  in  several 
conventional  studies  (Munro  et  al.  1975;  OTA  1977).  This  dietary  level  was  noted  to 
be  equivalent  to  the  consumption  of  800  twelve-ounce  (340  g)  bottles  of  diet  soda 
per  day  (Food  Chem.  News  1977a;  Consumers  Reports  1977).  The  best  available  data 
prior  to  March  9,  1977  regarding  the  consumption  of  saccharin,  indicated  that  70?o  of 
the  saccharin  consumed  in  "food"  came  from  diet  soft  drinks  (Munro  et  al.  1974;  NAS 
1974)  and  that  the  average  per  capita  consumption  of  diet  soft  drinks  was  less  than 
one  bottle  per  day  (NAS  1974).  Average  per  capita  consumption  has  little  signifi- 
cance in  this  case,  however,  since  only  6%  of  the  population  represent  the  major 
consumers  of  diet  pop  soda  (NAS  1974). 

The  necessity  of  using  experimental  animals  in  carcinogenicity  testing  means 
that  the  animal  model  employed  must  be  extrapolated  to  the  human  situation.  This 
problem  of  inter-species  extrapolation  is  difficult  even  in  conventional  studies  not 
involving  prenatal  exposure  due  to  known  physiological  and  other  differences  between 
species  (Oser  1981).  The  use  of  a two-generation  bioassay  presents  additional 
difficulties  when  attempts  are  made  to  extrapolate  the  animal  data  to  man  due  to  the 
additional  tissues  through  which  the  test  chemical  passes  and  differences  in  suscep- 
tibility between  developing  and  mature  tissues  (Grice  et  al.  1981).  Nonetheless,  it 
was  considered  prudent  to  assume  that  saccharin  could  also  be  carcinogenic  in  man. 
(Nearly  all  human  carcinogens  have  been  shown  to  be  carcinogenic  in  one  or  more 
animal  species  (Tomatis  ^t_  al..  1978),  although  the  converse  can  rarely  be  tested 
experimentally  for  obvious  reasons.)  Moreover,  if  saccharin  potentiated  the  acti- 
vity of  other  bladder  carcinogens  in  the  human  environment,  its  effects  in  those 
humans  could  be  proportionally  greater  than  its  effects  on  experimental  animals 
maintained  in  carefully  controlled  environments. 

Direct  epidemiological  evidence  was  looked  for  and  the  results  from  a then 
unpublished  study  in  progress  at  the  Canadian  National  Cancer  Institute  were  drawn 
on.  Although  the  study  was  comparatively  small-scale,  it  was  consistent  with 
saccharin  being  a bladder  carcinogen  in  man  wih  the  relative  risk  of  exposed  to 
unexposed  males  estimated  to  be  about  1.6  (Howe  et_  al.  1977). 

It  was  well  recognized  that  saccharin  was  used  commercially  not  only  as  a sub- 
stitute for  sugar,  but  also  to  replace  sugar  in  certain  foods,  such  as  carbonated 
beverages  consumed  by  diabetics  and  other  people  who  wanted  a low-calorie  drink  with 
a similar  degree  of  sweetness  to  the  corresponding  product  containing  sugar.  People 
bought  saccharin  or  saccharin-cyclamate  tablets  and  used  them  in  the  preparation  of 
food,  notably  to  sweeten  hot  beverages.  In  these  circumstances  a more  overt  decision 
to  purchase  and  consume  saccharin  was  made.  Further  uses  of  saccharin  in  drugs  and 
cosmetics  varied  from  seemingly  trivial  benefits  to  masking  drug  tastes  that  could 
interfere  with  maintenance  of  therapy  for  geriatic  patients  or  the  consumption  of 
vitamins  and  mineral  supplements  by  infants. 

The  question  as  to  whether  or  not  saccharin  was  of  unique  or  even  significant 
benefit  in  the  treatment  of  obesity,  the  maintenance  of  ideal  weight,  or  the  mainte- 
nance of  the  health  or  quality  of  lifestyle  for  the  diabetic,  was  considered.  The 
scientific  literature  available  on  this  subject  prior  to  March  9,  1977,  however,  did 
not  support  the  existence  of  these  purported  benefits  to  any  appreciable  degree 
(Farkas  and  Forbes  1965;  see  also  OTA  1977;  NAS  1978;  Rosenman  1978). 

Discussion  with  representatives  of  the  Canadian  Medical  Association,  the  Cana- 
dian Dental  Association,  the  Canadian  Diabetic  Association  and  the  Registrars  of 
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Pharmacy  were  held  to  discuss  the  above  information,  mutual  concerns  and  the  options 
available.  The  value  of  saccharin  to  diabetics  versus  its  potential  health  risks 
was  given  particular  consideration. 

Recommendations  to  the  Hon.  Marc  Lalonde,  Minister  of  the  Department  of  Natio- 
nal Health  and  Welfare  at  the  time,  were  finally  formulated  based  on  an  evaluation 
encompassing  all  of  the  available  toxicological  and  epidemiological  data.  In 
addition,  many  other  factors  were  given  due  consideration,  including  the  regulatory 
status  of  saccharin  under  the  Food  and  Drugs  Act  and  Regulations,  the  health  status 
of  individuals  consuming  various  saccharin-sweetened  products,  the  potential  health 
benefits  derived  from  consumption  of  these  products,  the  tendency  of  consumers  to 
continue  consumption  of  products  they  habitually  consume  (such  as  tobacco)  despite 
the  potential  health  hazards,  the  economic  impact  of  changes  in  the  Food  and  Drug 
Regulations,  the  use  of  warning  labels  designed  to  promote  informed  choice  by  consu- 
mers and  the  potential  availability  of  less  hazardous  substitutes  or  alternatives 
(Munro  and  Krewski  1981).  It  was  recognized  that  in  the  long  run,  saccharin  might 
be  replaced  by  other  nutritive  sweeteners  currently  being  developed  and  undergoing 
toxicological  testing  (Health  and  Welfare  Canada  1981a).  It  was  also  recognized 
that  any  changes  in  the  regulatory  status  of  a product  should  allow  for  disposal  of 
existing  stocks  provided  that  the  potential  hazard  was  not  judged  to  be  unduly 
great. 


While  there  was  little  doubt  that  saccharin  per  se  was  the  agent  responsible 
for  the  bladder  tumours  observed  in  all  three  of  the  two-generation  animal  feeding 
studies  conducted  in  the  seventies,  and  that  some  form  of  regulatory  action  was 
therefore  necessary,  it  was  also  recognized  that  further  research  was  required  in 
several  areas.  One  of  the  primary  needs  was  further  epidemiological  research  to 
supplement  the  preliminary  findings  by  Howe  et^  aK  (1977)  that  bladder  tumours  in 
man  could  be  associated  with  the  consumption  of  saccharin.  In  recognizing  the  need 
for  further  epidemiological  work,  it  was  noted  that  the  bladder  might  not  be  the 
most  appropriate  site  for  evaluating  the  effects  of  saccharin  in  man  and  that  the 
extensive  use  of  saccharin  and  other  artificial  sweeteners  in  a variety  of  foods 
would  make  it  extremely  difficult  to  obtain  a completely  unexposed  control  popula- 
tion. Other  areas  for  study  concerned  the  efficacy  and  potential  health  benefits  of 
saccharin  use  (OTA  1977)  as  well  as  studies  to  ascertain  the  mechanism  by  which  it 
elicits  its  tumourigenic  response  in  rats  (Arnold  et_  al . 1980).  The  data  from  such 
studies  would  be  of  great  use  in  any  re-evaluation  of  risk  and  risk  acceptability. 
In  this  regard,  Departmental  policy  clearly  states  that  "evaluations  of  risk  accept- 
ability are  reviewed,  and  if  necessary  changed,  when  further  information  becomes 
available"  (Health  and  Welfare  Canada  1975). 

The  Minister  of  National  Health  and  Welfare  announced  his  decision  regarding 
saccharin  on  March  9,  1977,  wherein  he  scheduled  a phasing-out  of  saccharin  as  a 
food  additive  and  restricted  sale  as  a table-top  sweetener  to  pharmacies.  The  sale 
of  saccharin  in  soft  drinks,  beverage  mixes  and  beverage  bases  would  be  phased  out 
by  July  1,  1977  and  in  other  foods  by  November  1,  1977.  The  sale  of  saccharin  alone 
or  in  combination  with  cyclamate  would  be  restricted  to  pharmacies  as  of  September 
1,  1977  (Health  and  Welfare  Canada  1977a).  He  later  agreed  to  a request  from  Cana- 
dian food  manufacturers  for  a short-term  extension  of  these  deadlines  to  October  1, 
1977,  December  1,  1977  and  February  1,  1978,  respectively  (Health  and  Welfare  Canada 
1977b).  Even  with  the  extensions  allowed,  not  all  products  would  be  sold  within  the 
time  limit,  and  small  specialized  companies  suffered  significant,  losses. 

The  Minister's  decision  that  the  sale  of  saccharin  for  use  as  a table-top 
sweetener  be  restricted  to  pharmacies  was  in  part  attributable  to  the  benefits  of 
saccharin  perceived  by  certain  segments  of  the  population,  primarily  diabetics. 
Such  an  outlet  restricted  general  availability  while  leaving  an  avenue  open  for 
those  who  perceived  a benefit  from  saccharin  and  would  result  in  such  consumers 
making  their  own  benefit-risk  evaluations  when  purchasing  such  products. 

Concurrently,  on  March  9,  1977,  the  U.S.  Food  and  Drug  Administration  also 
announced  its  intention  "to  ban  saccharin  because  the  artificial  sweetener  may  cause 
cancer  in  humans"  (Consumer  Reports  1977).  The  ensuing  public  and  congressional 
debate  (Consumer  Reports  1977;  Food  Chem.  News  1977a)  ultimately  resulted  in  a con- 
gressionally  mandated  18  months  moratorium  on  FDA's  proposed  ban  of  the  artificial 
sweetener  (Food  Chem.  News  1977b;  FDA  1977). 
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2.5  THE  SACCHARIN  CONTROVERSY 

The  initial  public  response  in  Canada  was  largely  favourable  towards  the  sac- 
charin decision,  although  in  the  United  States,  the  response  was  more  emotional 
(Consumer  Reports  1977).  In  an  attempt  to  minimize  the  anticipated  fears  of  the 
saccharin-consuming  public,  especially  pregnant  women,  regulatory  officials  percei- 
ved the  need  to  place  the  risk  of  saccharin  consumption  in  a context  which  may  have 
down-played  such  concerns.  This  course  of  action  resulted  in  charges  from  industry 
that  the  regulatory  decision  was  made  hastily.  On  the  other  hand,  various  consumer 
groups  in  the  United  States  charged  that  the  government  had  waited  too  long,  and  the 
the  results  of  the  HPB  study  only  confirmed  results  found  almost  five  years  pre- 
viously (Rhein  and  Marion  1977). 

These  concerns  were  raised  in  the  Parliamentary  debate  of  March  10  1977 
(Hansard  1977).  Proceedings  included  a question  from  Mr.  Paul  Yewchuk,  M.P.,  as  to 
why  the  Minister  had  informed  the  press  on  the  previous  day  and  not  the  House,  and 
why  he  had  waited  until  then,  when  rumours  about  the  impending  ban  had  begun  to  cir- 
culate on  Friday,  March  A.  Mr.  Lalonde  responded  that  he  had  to  inform  the  industry 
involved  and  wait  until  Canada's  stock  exchanges  were  closed  before  announcing  the 
final  decision  taken  the  previous  afternoon;  he  clarified  that  any  leaks  came  from 
an  American  and  not  a Canadian  source. 

In  addition,  a substantial  number  of  arguments  regarding  risk-benefit  consi- 
derations were  put  to  the  Ministers  in  Parliament  and  became  a matter  of  public 
record  (Hansard  1977).  Press  comment  at  the  time  very  largely  took  the  form  of 
straightforward  reporting  of  Parliamentary  exchanges.  Later  lobbying  and  publicity 
in  the  United  States  designed  to  stay  the  FDA's  proposed  controls  on  saccharin  was 
headed  by  the  diet  food  industry  supported  by  the  U.S.  Calorie  Control  Council 
(Consumer  Reports  1977;  Rhein  and  Marion  1977).  It  provided  Canadian  readers  with 
media  exposes  that  sometime  ridiculed  the  Canadian  studies  as  irrelevant  or  unscien- 
tific, and  indicted  control  measures  as  bureaucracy  run  wild  (Food  Chem.  News 
1977a).  One  U.S.  Senator  even  criticized  the  HPB  studies  because  of  the  use  of 
"Canadian"  rats  (Rhein  and  Marion  1977);  in  point  of  fact,  the  animals  used  were 
actually  of  United  States  origin  (Arnold  et  al.  1980)! 

Later  Parliamentary  exchanges  reflected  this  tone  and  included  arguments  con- 
cerning hardship  to  individual  food  manufacturers  and  the  supposition  that  Ministers 
were  in  the  hands  of  bureaucrats.  However,  the  extensive  debate  at  the  time  of  con- 
trols over  saccharin  seemed  to  establish  clearly  the  assumption  of  Ministerial 
responsibility  for  decisions  on  the  risks  and  benefits  of  saccharin  under  the  Food 
and  Drugs  Act  and  Regulations. 


2.6  RECENT  DEVELOPMENTS 

The  two  generation  HPB  feeding  study  with  rats  is  often  spoken  of  as  the 
definitive  experiment  regarding  saccharin.  While  it  did  settle  many  questions 
concerning  the  production  of  bladder  tumours  in  rats  which  consumed  saccharin, 
additional  studies  were  still  needed  to  elucidate  the  mechanism  by  which  these 
tumours  are  induced.  Several  studies  have  clearly  established  that  levels  of  5-7.5% 
saccharin  in  the  diet  administered  in  the  WARF,  FDA  and  HPB  studies  also  result  in 
several  physiological  changes  (Sweatman  and  Renwick  1980;  Toxicology  Forum  1980). 
What  role  these  changes  may  have  had  in  the  production  of  bladder  tumours  is  still 
not  clear.  However,  such  findings  indicate  the  need  for  carcinogenicity  studies  at 
dose  levels  which  may  not  be  associated  with  these  disturbances.  Such  a study  was 
initiated  by  industry  in  1978  (Toxicology  Forum  1980),  but  it  will  be  at  least 
another  year  or  two  before  all  of  the  data  from  this  experiment  are  available  for 
evaluation. 

Also  of  note  are  the  results  reported  by  three  different  laboratories  indica- 
ting that  saccharin  may  "promote"  the  induction  of  tumours  in  tissue  which  has 
already  been  sensitized  by  some  initiating  stimulus  (Hicks  and  Chowaniec  1977;  Cohen 
et  al.  1979;  Nakanishi  et  al.  1980). 

Saccharin  has  also  been  subjected  to  a number  of  short  term  tests  designed  to 
examine  the  capacity  of  a substance  to  cause  mutations  or  other  genetic  alterations. 
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These  studies  have  produced  a spectrum  of  results,  with  saccharin  appearing  to  be 
mutagenic  in  some  test  systems  but  not  in  others  (OTA  1977;  Stoltz  et_  al.  1977;  NAS 
1978).  This  has  led  to  suggestions  that  the  equivocal  results  may  be  due  to 
impurities  in  the  samples  of  saccharin  tested  (Kramers  1973).  Mondal  et_  al.  (1978) 
have  also  reported  that  highly  purified  saccharin  can  act  as  a weak  promoting  agent, 
using  an  _in  vitro  mouse  embryo  system. 

In  addition  to  this  experimental  work,  further  epidemiological  studies  were 
undertaken  in  an  attempt  to  clarify  the  potential  effects  of  saccharin  on  human 
health  (Hoover  and  Strasser  1980;  Wynder  and  Stellman  1980;  Morrison  and  Buring 
1980;  Kessler  and  Clark  1978;  Wynder  and  Goldsmith  1977;  Morrison  1979;  Connolly  et 
al.  1978).  Based  on  its  review  of  these  results,  the  International  Agency  foF 
Research  on  Cancer  concluded  that  it  is  not  clear  whether  saccharin  is  or  is  not  a 
bladder  carcinogen  in  man  (IARC  1980).  These  inconclusive  results  may  be  due  to: 
(a)  the  fact  that  if  saccharin  is  a tumourigen  for  man,  it  is  probably  a weak  one  as 
the  animal  studies  have  suggested;  (b)  the  inability  of  current  epidemiological 
studies  to  address  adequately  the  problem  of  prenatal  exposure;  and,  (c)  potential 
confounding  factors  such  as  cigarette  smoking  and  coffee  drinking  (Lancet  1977). 

At  this  time,  saccharin  is  banned  as  a food  additive  in  Canada,  France,  Italy 
and  Portugal  (Lu  1979).  Currently  the  ban  on  the  use  of  saccharin  as  a food 
additive  proposed  by  the  U.S.  FDA  is  still  being  held  in  abeyance  due  to  a 
congressional  moratorium  (Food  Chem.  News  1981).  A more  extensive  review  of  the  use 
of  saccharin  on  an  international  basis  reflects  a wide  range  of  risk-benefit 
perceptions  as  indicated  in  the  various  national  policies  pertaining  to  the  use  of 
non-nutritive  sweeteners  (Hermes  1979).  It  is  possible  that  the  recent  approval  of 
the  use  of  the  nutritive  artificial  sweetener  aspartame  in  Canada  (Health  and 
Welfare  Canada  1981a)  and  in  many  other  countries  will  have  a bearing  on  future 
policies  regarding  saccharin. 


2.7  ANALYSIS  AND  EVALUATION 

Since  its  synthesis  in  1879,  saccharin  has  been  the  subject  of  numerous 
toxicological  investigations  and  reviews  by  public  health  authorities.  The  findings 
of  the  experimental  studies  conducted  with  saccharin  in  the  seventies  have  led  to 
recommendations  from  several  national  health  authorities  for  curtailment  of  the  use 
and  availability  of  saccharin  (Hermes  1979).  These  recommendations  and  their  appli- 
cation through  the  force  of  law  have  been  the  subject  of  considerable  controversy. 
This  grew  rather  than  diminished  as  successive  studies  appeared  in  the  literature, 
and  protagonists  in  science,  health,  the  diet  food  industry,  the  sugar  industry, 
diabetes  and  obesity  control,  consumer  protection,  law,  public  administration  and 
politics  responded  in  print  and  the  electronic  media.  Their  response  often  arose 
from  positions  based  on  science,  philosophy,  personal  judgement,  public  interest, 
sectional  interest  and  self-interest.  Saccharin  made  its  way  from  the  small  print 
on  the  labels  of  food  products  to  leading  articles  and  even  to  that  touchstone  of 
society,  the  funny  pages. 
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Our  review  of  the  history  of  saccharin  has  shown  that  it  has  been  alternately 
endorsed  or  banned  by  various  regulatory  agencies  during  the  last  one  hundred  years 
and  that  after  a century  of  use,  scientific  studies  are  still  clarifying  the  nature 
of  the  toxicological  effects  of  saccharin.  At  this  time,  saccharin  is  available  in 
pharmacies  in  Canada  but  it  is  not  permitted  in  foods.  In  other  countries  saccharin 
is  usually  subject  to  varying  degrees  of  control,  often  severely  limiting  the  use  or 
requiring  warning  labels.  Saccharin  is  an  example  of  a chemical  whose  use  has  been 
managed  so  that  in  these  countries,  any  risk  to  the  consumer  is  through  individual 
choice  rather  than  inadvertent  exposure. 

Our  assessment  of  the  current  regulatory  status  of  saccharin  and  the  decision- 
making process  which  led  to  that  position,  is  presented  as  responses  to  the 
questions  that  follow. 

(a)  HOW  WAS  THE  HAZARD  FIRST  IDENTIFIED?  There  was  some  concern  as  early  as  1890 
as  to  the  potential  adverse  effects  of  saccharin  on  human  health.  Periodic  evalua- 
tions of  the  risks  associated  with  saccharin  consumption  did  not  produce  sufficient 
evidence  of  a possible  serious  health  hazard  until  the  three  two-generation  animal 
studies  independently  conducted  by  WARF,  FDA  and  HPB  during  the  last  decade  clearly 
indicated  that  saccharin  was  responsible  for  the  bladder  tumours  observed  in  second- 
generation  male  rats.  Because  most  known  human  carcinogens  have  been  shown  to  be 
active  in  one  or  more  animal  species,  saccharin  was  thus  considered  to  pose  a poten- 
tial hazard  to  human  health. 

(b)  WAS  THE  RESPONSE  BASED  ON  SCIENTIFIC  INFORMATION,  CONVENTIONAL  WISDOM  OR 

PUBLIC  ANXIETY  CONVEYED  THROUGH  THE  POLITICAL  ROUTE?  The  saccharin  decision 

was  based  on  the  latest  scientific  information  available  at  the  time.  The  initial 
public  reaction  in  Canada  was  largely  in  favour  of  this  decision,  although  greater 
public  opposition  orchestrated  by  certain  special  interest  groups  was  encountered  in 
the  United  States. 

(c)  WHAT  WERE  THE  RISKS?  WERE  THEY  EVALUATED  TOGETHER  WITH  THE  BENEFITS?  Because 
of  its  demonstrated  carcinogenic  activity  in  animals,  saccharin  was  considered  to  be 
a potential  human  carcinogen.  Perceived  benefits  that  have  been  associated  with  the 
use  of  saccharin  include  the  prevention  of  diabetes,  obesity,  dental  caries,  hyper- 
lipidemia and  hypoglycemia,  and  its  role  in  drug  formation.  In  accordance  with 
Departmental  policy,  these  perceived  benefits  were  evaluated  vis  a vis  the  potential 
health  of  risk  of  saccharin  consumption. 

(d)  WHAT  INFORMATION  WAS  REQUIRED  BEFORE  A RESPONSE  COULD  BE  FORMULATED?  WHY  WAS 

IT  NOT  AVAILABLE  BEFORE?  The  information  required  was  the  demonstration 

beyond  reasonable  doubt  of  the  carcinogenic  effects,  of  saccharin  in  experimental 
animals.  It  was  not  available  before  because  these  effects  were  not  clearly  seen  in 
single-generation  cancer  studies  with  saccharin  alone.  Its  recognition  thus  awaited 
the  introduction  of  two-generation  tests  and  the  confirmation  of  initial  United 
States  studies  that  had  been  subjected  to  some  criticism. 

(e)  WHAT  MISTAKES  WERE  MADE  IN  RESPONDING  TO  THE  RISKS?  While  the  curtailment  of 
the  uses  of  saccharin  is  still  controversial,  it  is  not  considered  to  be  an 
inappropriate  response  to  the  problem  at  hand.  In  retrospect,  it  seems  that  by 
today's  standards  the  decision  was  not  accompanied  by  a sufficiently  comprehensive 
attempt  to  communicate  its  scientific  basis  and  rationale  to  the  public.  The  use  of 
detailed  Information  Letters  such  as  those  recently  issued  in  the  case  of  the  food 
additive  aspartame  and  the  packaging  contaminant  acrylonitrile  (Health  and  Welfare 
Canada  1981a;  b),  may  provide  a vehicle  for  greater  public  awareness  into  the  safety 
evaluation  process  and  regulatory  decision-making. 

(f)  IF  THE  RISK  TURNED  GUT  TO  BE  REALLY  SIGNIFICANT,  WHY  WAS  IT  PERMITTED  TO 
OCCUR?  The  risk  was  permitted  to  occur  before  the  1970's  because,  by  the 
toxicological  standards  of  the  day,  and  according  to  the  findings  of  the  day, 
saccharin  generally  did  not  appear  to  be  a particularly  harmful  substance  (despite 
episodes  when  it  came  under  attack).  There  was  a demand  for  its  use  in  certain 
foods  and  drugs  that  could  not  be  rationally  opposed  during  most  of  its  century  of 
use.  An  anticipated  increase  in  the  consumption  of  saccharin  following  the  banning 
of  cyclamates  resulted  in  more  intensive  testing  in  a number  of  countries. 
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(g)  WAS  THE  PROBLEM  REALLY  RESOLVED?  Any  risks  from  saccharin  will  have  been 
greatly  diminished  as  a result  of  the  considerable  reduction  in  saccharin  consump- 
tion by  the  Canadian  public  since  1977.  In  our  opinion,  the  new  information  that 
has  become  available  in  recent  years  has  not  weakened  the  basis  on  which  the 
saccharin  decision  was  made.  However,  the  exact  magnitude  of  human  health  risk 
associated  with  saccharin  consumption  remains  unknown.  This  uncertainty  may  be 
resolved  in  the  future  if  the  mechanism  by  which  saccharin  elicits ' bladder  tumours 
in  laboratory  animals  can  be  elucidated  and  its  relevance  to  the  human  situation 
established.  The  FAO/WHO  Expert  Committee  on  Food  Additives  has  in  fact  identified 
a number  of  areas  in  which  further  work  remains  to  be  done  (WHO  1978),  and  has  set 
the  acceptable  daily  intake  at  a level  that  effectively  precludes  the  use  of 
saccharin  in  soft  drinks. 

(h)  IN  WHAT  WAYS  DOES  THIS  CASE  STUDY  ILLUSTRATE  PROBLEMS  OF  ASSESSING  AND  MANA- 
GING RISKS?  Our  study  clearly  shows  that  the  regulation  of  food  additives  can 

be  a highly  complex  issue,  involving  some  of  the  most  fundamental  and  challenging 
problems  in  human  risk  assessment  and  social  decision-making.  Briefly,  these  inclu- 
de the  appropriate  determination  of  toxic  effects  in  animals,  the  extrapolation  from 
these  effects  to  what  might  be  seen  in  man  (and  the  lower  intakes),  the  evaluation 
of  scanty  and  sometimes  inconsistent  epidemiological  evidence,  the  assessment  of 
health  and  other  benefits,  consideration  of  the  concerns  of  special  groups  such  as 
diabetics  and  the  impact  on  industry  and  trade,  conformity  with  legal  constraints, 
and  the  timing  of  the  decision  and  its  implementation.  The  saccharin  example  also 
illustrates  the  feasibility  of  dealing  with  such  problems  through  com-  prehensive 
regulatory  action  which  takes  cognizance  of  the  balance  between  risks  and  benefits 
as  well  as  the  degree  of  informed  choice  that  consumers  are  able  to  exercise. 

Although  communication  of  scientific  information  on  the  risks  and  benefits  and 
on  techniques  of  risk  management  may  result  in  more  uniform  risk/benefit  decisions 
among  individuals,  much  of  the  underlying  uncertainty  concerning  potential  human 
health  risks  and  benefits  cannot  be  easily  or  inexpensively  reduced  by  current 
methods  of  scientific  research.  Thus,  we  will  continue  to  be  in  the  position  of 
having  to  make  important  public  health  decisions  on  incomplete  information  for  some 
time  to  come. 
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CASE  STUDY  No.  3 

SOLID  WASTE  DISPOSAL;  RISK  ASSESSMENT  OR  RISK  MANAGEMENT? 
THE  PITS  AT  MAPLE,  ONTARIO 


3.M.  Cameron  and  R.  Bordessa 

Department  of  Geography,  Atkinson  College,  York  University,  Downsview,  Ontario 


3.1  INTRODUCTION 


This  case  study  deals  with  applications  for  solid  waste  disposal  on 
approximately  364  ha  of  land  located  north-east  of  the  community  of  Maple  in  the 
Town  of  Vaughan  (see  Fig.  3.1).  The  narrative  focusses  on  the  period  from  1973  when 
the  initial  applications  were  submitted  to  the  Ontario  Government,  until  1981  at 
which  time  a provisional  Certificate  of  Approval  was  issued  authorizing  disposal  on 
a limited  area  of  99  ha  and  the  commencement  of  on-site  preparations  for  what  will 
eventually  become  Canada's  largest  solid  waste  disposal  site. 


Fig.  3.1  Site  of  pits  at  Maple 


During  this  9 year  period,  one  can  identify  at  least  five  major  interest 
groups  who  were  either  directly  involved  in  the  evaluation  of  these  applications,  or 
who  took  considerable  interest  in  the  approval  process.  The  first  was  the  local 
municipality,  the  Town  of  Vaughan  (population  23,000  in  1980)  comprising  an  area  of 
259  km  , located  immediately  north  of  the  Municipality  of  Metropolitan  Toronto 
(population  2.1  million  in  1979).  The  Council  of  the  Town  (7  members,  elected  at 
large)  and  the  municipal  staff  played  an  active  role.  The  second  group  of  partici- 
pants comprised  the  local  residents  both  in  the  community  of  Maple  and  in  the  lands 
adjacent  to  the  proposed  landfill  site.  Their  main  voice  was  Maple  Against  Dumping 
(MAD),  a subcommittee  of  the  Maple  Ratepayers  Association,  although,  a number  of 
individuals  acted  and  appeared  on  their  own  behalf. 

The  third  set  of  participants  consisted  of  the  two  regional  governments  most 
directly  affected  by  this  proposal,  the  Municipality  of  Metropolitan  Toronto  and  the 
Regional  Municipality  of  York.  While  they  were  not  in  the  forefront  of  the  stage, 
their  concerns  and  influence  were  felt  throughout  the  process.  Metropolitan  Toronto 
was  responsible  for  the  provision  of  disposal  sites,  at  least  for  municipal  garbage 
produced  inside  Metropolitan  Toronto,  and  its  attempts  to  provide  such  facilities 
during  the  1970's  had  been  partially  thwarted  (Pickering  Township),  and  unsuccessful 
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(Hope  Township).  Yet  Metro's  estimates  for  solid  waste  generation  continued  to  in- 
crease - the  need  was  there,  yet  the  solutions  to  the  disposal  problem  were  proving- 
to  be  elusive.  This  concern  was  shared  by  the  Region  of  York,  with  its  growing 
suburban  population  of  400,000-500,000  by  the  year  2000.  The  Region  also  expressed 
misgivings  that  the  owners  of  major  privately-operated  landfill  sites  might  seek  to 
control  dumping  charges  to  local  governments  and  private  waste  haulers. 

The  fourth  participant  consisted  of  the  Government  of  Ontario  as  represented 
by  the  Ministry  of  the  Environment,  the  Environmental  Assessment  Board  and  the 
Environmental  Appeal  Board.  The  Ministry  of  the  Environment  is  responsible  for  the 
issuance  of  Certificates  of  Approval  for  waste  disposal  sites,  applications  for 
which  are  made  under  the  Environmental  Protection  Act,  1971.  This  legislation  gives 
the  Minister  of  the  Environment  specific  power  to  overrule  local  municipal  bylaws 
affecting  the  location  of  waste  disposal  sites.  Under  the  legislation  a provin- 
cially  appointed  advisory  body,  the  Environmental  Hearing  Board,  was  established  and 
given  the  power  to  hold  hearings  on  specific  applications.  The  Board  reported  its 
findings  to  the  Ministry.  The  Ministry  then  used  the  Board's  reports  in  dealing 
with  the  applications,  either  for  approval  or  rejection.  In  1976  the  Environmental 
Assessment  Board  was  established  and  assumed  the  same  hearing  and  advisory  functions 
but  continued  to  operate  under  the  jurisdiction  of  the  Environmental  Protection  Act, 
1971.  This  Act  also  provides  for  appeals  by  the  applicant  from  the  decision  of  the 
Ministry  to  the  Environment  Appeal  Board  (appointed  by  the  Provincial  Government) 
which  has  the  power  to  direct  the  issuance  of  Certificates  of  Approval  or  modifica- 
tions of  conditions  thereto. 

The  final  set  of  participants  consisted  of  the  two  applicants  for  waste  dis- 
posal certificates  - Superior  Sand,  Gravel  and  Supplies  Limited,  and  Crawford  Allied 
Industries  Limited.  Superior  was  controlled  by  individuals  who  had  previously  ope- 
rated a garbage  dump  in  the  Maple  area  and  who  were  applying  for  these  large  new 
sites  in  conjunction  with  Waste  Management,  Inc.  of  Chicago,  a large  multi-national 
firm.  Crawford  had  operated  an  adjacent  sand  and  gravel  business  in  the  Maple  pit 
area  for  a number  of  years  and  recognized  the  possibilities  of  their  lands  for  solid 
waste  disposal. 


3.2  GENERAL  BACKGROUND 

The  extensive  sand  and  gravel  deposits  which  have  been  and  are  being  mined 
north-east  of  the  village  of  Maple  are  of  glacial-lacustrine  origin.  The  deposit 
consists  of  stratified  fine  to  medium  sand  with  minor  amounts  of  fine  to  medium 
gravel  together  with  silts  and  clays.  In  the  Maple  area,  the  sand  deposits  were 
overriden  by  the  Halton  ice  sheet,  leaving  a layer  of  clay-till  above  the  sand  (see 
Fig.  3.2). 

The  Don  Valley  Conservation  Report,  published  by  the  Ontario  Department  of 
Planning  and  Development  in  1950,  identified  the  then  forested  hills  as  an  ideal 
area  for  a regional  park.  This  "Don  Forest"  acted  as  an  important  groundwater- 
recharge  area,  being  the  headwater  area  for  both  the  east  and  west  branches  of  the 
Don  River.  The,  report  recommended  that  an  area  of  1176.9  ha  north-east  of  Maple  be 
zoned  to  restrict  the  use  of  the  land  to  forestry  and  recreation,  and  that  the 
Conservation  Authority  acguire  two  areas  totalling  199  ha  for  parks.  In  1955,  the 
Metropolitan  Toronto  Parks  Department  also  proposed  that  the  area  be  used  as  a park. 
In  1950  a little  more  than  20  ha  was  being  used  for  gravel  pit  operations. However, 
over  the  next  20  years  upwards  of  200  ha  had  been  extensively  mined  for  sand  and 
gravel  with  some  of  the  pits  being  in  excess  of  30.8  m deep  with  extremely  steep 
side  slopes. 

Section  65  of  the  Municipality  of  Metropolitan  Toronto  Act  which  was  passed  in 
January  1967,  permitted  Metro  to  acguire  and  use  land  within  the  1865  km^  Metro- 
politan Toronto  Planning  Area  "for  the  purposes  of  receiving,  dumping  and  disposing 
of  waste".  This  section  was  subseguently  amended  in  June  1972,  to  permit  such 
acguisition  and  use  anywhere  in  Ontario.  However,  such  acguisition  and  use  of  land 
cannot  be  exercised  without  the  approval  of  the  local  municipality  in  which  the  land 
is  situated  or  failing  this,  after  a public  hearing  and  approval  by  the  Ontario 
Municipal  Board.  In  March  1966  Metro  Toronto  retained  James  F.  MacLaren  Limited  to 
prepare  a report  on  future  needs  and  disposal  methods  for  the  area's  solid  wastes. 
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Fig.  3.2.  The  pits  at  Maple. 


Based  on  an  examination  of  maps,  aerial  photographs  and  air  reconnaissance  the  the 
MacLaren  study  identified  40  possible  sites  for  sanitary  landfill  which  merited 
further  study.  Of  these,  a total  of  11  were  deemed  to  be  sufficiently  satisfactory 
to  justify  a detailed  economic  analysis  to  determine  the  cost  per  tonne  for  dispo- 
sal, considering  land  acquisition,  development  and  finishing  costs.  The  pit  area 
north-east  of  Maple  was  one  of  the  recommended  sites.  The  MacLaren  report  stated  in 
conclusion: 


The  Corporation  is  indeed  favoured  in  the  matter  of  refuse  dis- 
posal in  having  the  opportunity  of  utilizing  either  landfill  or 
incineration  procedures.  The  adoption  of  a long  term  plan 
wherein  both  methods  are  integrated  for  optimum  efficiency  will 
be  a further  major  step  in  ensuring  the  continued  health, 
growth  and  prosperity  in  Metropolitan  Toronto. 

(MacLaren  1967,  p.  24). 
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The  spirit  of  the  MacLaren  report,  as  well  as  the  public  and  political  consen- 
sus at  the  time  regarding  the  handling  and  disposal  of  solid  waste  can  be  summarized 
thus:  "If  Metro  can  bury  it  or  burn  it  at  the  lowest  cost  possible,  then  Metro  and 
its  citizens  will  enjoy  continued  progress  and  prosperity". 

In  1967  Metro  Toronto  applied  to  the  Ontario  Municipal  Board  (0MB)  for  permis- 
sion to  acquire  and  operate  two  of  the  landfill  sites  recommended  by  the  MacLaren 
report  in  the  then  Township  of  Vaughan.  These  were  located  south  of  the  Village  of 
Woodbridge  (Fig.  3.1)  - the  Thackeray  site  (43.7  ha),  and  the  North  Thackeray  site 
(196  ha).  The  objections  and  opposition  raised  by  the  Vaughan  Council  and  local 
residents  at  these  hearings  resulted  in  the  0MB  agreeing,  in  December  1967,  to  only 
approve  Metro's  acquisition  of  the  Thackeray  site,  but  stipulating  that  the  North 
Thackeray  site  should  not  be  considered  until  such  time  as  Metro  might  apply  for 
approval  to  acquire  the  Maple  site.  One  can  speculate  that  the  introduction  of  the 
Maple  site  into  the  0MB 's  decision  was  related  to  the  concern  of  both  the  Vaughan 
Council  and  the  Board  that  any  further  creation  of  landfill  sites  be  undertaken  in  a 
systematic  and  regulated  way.  The  Board's  report  made  it  clear  that  Metro  must  make 
arrangemments  with  neighbouring  municipalities  long  in  advance  of  the  actual  need, 
but  Vaughan's  concerns  combined  with  the  0MB 's  linking  together  of  the  North 
Thackeray  and  Maple  sites  frustrated  and  restricted  Metro's  disposal  plans  to  the 
west  and  the  north.  While  Metro  Council  formally  began  the  process  of  acquiring 
landfill  sites  to  the  east  in  Pickering  Township  in  March  1967,  it  was  not  until 
July  1974  that  the  0MB  approved  a rezoning  application  to  permit  their  use  seven 
years  later. 

Thus  it  seemed,  at  least  on  the  surface,  that  the  pits  at  Maple  were  to  be 
spared  from  solid  waste  disposal.  The  reprieve,  however,  was  only  to  be  temporary. 
Disposal  Services  Ltd.,  or  one  of  its  predecessors,  Inflammable  Disposals  Ltd.,  had 
operated  in  the  area  since  the  early  1950's  when  they  had  acquired  land  north-east 
of  the  Village  of  Maple.  Disposal  Services'  17.4  ha  garbage  dump  was,  at  least  in 
its  early  stages,  a most  primitive  operation,  with  fires,  rodents,  dust,  blowing 
paper  and  obnoxious  liquid  wastes  left  in  standing  surface  pools  as  part  of  the 
daily  fare.  This  operation,  along  with  the  smaller  municipal  dump  on  an  adjacent 
site,  also  produced  a significant  proportion  of  the  heavy  truck  traffic  moving 
through  the  Villaqe  of  Maple  with  the  balance  of  the  truck  traffic  being  associated 
with  the  gravel  and  sand  haulage  businesses.  Disposal  Services  rapidly  expanded  its 
operations  durinq  the  1960's  until  by  1973  it  operated  over  100  trucks,  and  control- 
led the  largest  part  of  the  private  garbage  haulage  market  in  Metro  Toronto.  To 
quote  its  American  corporate  head,  Harold  Gershowitz,  Disposal  Services  was  perhaps 
"the  largest,  industrial/commercial  waste  management  company  in  North  America" 
(Solid  Waste-II,  Washington  1973, p.  46).  In  the  fall  of  1972,  Disposal  Services  was 
acquired  by  Waste  Management  Inc.  of  Chicago  for  about  $12.3  million  dollars  and  in 
September  1972  Norman  Goodhead,  who  had  been  a principal  in  Disposal  Services,  along 
with  several  partners,  bought  Superior  Sand,  Gravel  and  Supplies  Limited,  which 
owned  extensive  pit  areas  to  the  north-east  of  the  Village  of  Maple  (Globe  and  Mail, 
Moon,  April  23,  1974). 


- 3.3  PRELUDE  TO  THE  ENVIRONMENTAL  ASSESSMENT  BOARD 

On  the  evening  of  March  19,  1973  a dinner  meeting  was  arranged  by  Superior 
Sand,  Gravel  and  Supplies  Limited  and  Disposal  Services  with  the  Vaughan  Council  at 
the  Honey  Pot  Ski  Centre  on  Dufferin  Street  near  Maple.  The  general  approach  used 
by  the  hosts  was  that  the  existing  17.4  ha  privately-operated  landfill  site  should 
be  considerably  expanded  in  order  to  rehabilitate  the  Maple  pits  and  eventually 
create  a major  recreation  facility.  It  was  also  suggested  that  the  Canadian 
National  Railways  favoured  the  project,  of  which  rail  haul  would  seemingly  form  an 
integral  part.  Shortly  thereafter  another  dinner  meeting  was  held  on  May  22,  1973 
at  the  request  of  representatives  of  Crawford  Allied  Industries  and  Bulk  Lift  Ltd. 
(controlled  by  Browning-Ferris  Industries  of  Houston,  Texas),  whose  proposals  were 
very  similar  to  those  of  Superior. 

In  June  of  1973  Crawford  Allied  Industries  made  an  application  (revised  in 
March  1976)  to  the  Ministry  of  the  Environment  for  a Certificate  of  Approval  for  a 
waste  disposal  site  covering  a total  area  of  99  ha  (of  which  70.7  ha  were  to  be  used 
for  waste  disposal)  at  a disposal  rate  of  3,628  tonnes  per  day  extending  over  a 15 
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to  20  year  period.  In  August  1973  Superior  Sand,  Gravel  and  Supplies  Limited 
submitted  a similar  application  covering  an  area  of  276.1  ha  (of  which  155.3  ha  were 
to  be  used  for  waste  disposal)  at  a rate  of  7,256  tonnes  per  day  extending  over  a 
period  of  20-25  years.  The  stage  was  thus  set  for  what  was  to  become  - nearly  ten 
years  later  - Canada's  largest  solid  waste  disposal  site. 

At  the  end  of  March  1973,  the  Maple  Ratepayers  Association  formed  a garbage 
subcommittee  (Maple  Against  Dumping,  MAD)  and  held  a number  of  meetings  during  the 
Spring  to  monitor  developments,  to  consider  possible  responses  from  the  local  commu- 
nity, and  to  make  plans  for  strengthening  and  organizing  local  opposition.  At  a 
general  meeting  of  the  Ratepayers  Association  on  June  6,  a motion  was  passed  oppo- 
sing the  disposal  of  Metro's  garbage  in  Vaughan  and  reguesting  the  Vaughan  Council's 
support.  This  resolution  was  presented  to  the  Council  on  June  25  with  the  responses 
from  the  councillors  including: 

The  province  just  might  tell  us  we  have  lost  on  this  deal  - 
garbage  isn't  entirely  in  our  control  - we  must  look  at  the 
pros  and  cons  of  the  whole  guestion. 

A meeting  of  town  staff  and  the  local  councillors  was  held  on  July  23  in  an 
attempt  to  set  some  terms  for  dealing  with  the  applicants.  The  following  issues 
were  raised:  initial  public  ownership  of  the  site,  alternative  road  access,  royal- 
ties per  ton,  encouragement  of  recycling,  the  dumping  of  Vaughan's  municipal  garbage 
without  charge,  and  the  development  of  a master  plan  for  the  pit  area.  While  the 
majority  of  councillors  were  attempting  to  develop  a unified  approach  towards  the 
applicants,  the  political  sensitivity  of  garbage  made  progress  difficult  to  achieve: 
no  one  likes  someone  else's  garbage  in  his  backyard.  The  matter  was  further  com- 
plicated by  the  poor  past  record  and  image  of  Disposal  Services  in  the  Maple  commu- 
nity and  the  previous  inability  of  the  Vaughan  Council  to  regulate  this  dumping  ope- 
ration. As  a result,  the  Council  and  staff  continued  to  maintain  a watching  brief 
on  these  large  applications. 

During  1973  a number  of  engineering  and  hydrogeological  studies  were  completed 
by  the  two  applicants  and  submitted  to  the  Ministry  of  the  Environment.  During 
1974-1975  four  major  studies,  relating  to  land  filling  of  the  Maple  pits  were  under- 
taken by  various  regulatory  authorities.  The  Metropolitan  Toronto  and  Region 
Conservation  Authority  prepared  a report  in  August,  1974  entitled  "Maple  Area  Study, 
Stage  I:  Inventory".  This  report  described  the  physical  and  natural  resources  in 
the  vicinity  of  the  pits  as  well  as  the  social  and  planning  features  of  the  Maple 
community.  A series  of  issues  were  identified  including  who  would  prepare  an  over- 
all plan  for  the  area,  what  were  the  population  growth  expectations  for  the  Maple 
community,  what  is  the  Province's  waste  management  policy,  particularly  as  it  rela- 
tes to  the  role  of  sanitary  landfill  and  the  Maple  pits,  and  what  solution  could  be 
found  to  eliminate  the  major  impact  of  truck  traffic  on  the  Village  of  Maple.  The 
report  recommended  that  a major  planning  study  be  undertaken  of  the  pit  area,  with  a 
joint  technical  committee  being  established  to  act  in  an  advisory  capacity  and  that 
the  Ontario  Ministry  of  the  Environment  should  prepare  a policy  on  the  use  of  the 
Maple  pits  as  part  of  its  overall  provincial  waste  management  policy. 

A study  was  commissioned  by  the  Town  of  Vaughan  in  December,  1974  with  the 
purpose  of  obtaining  "a  comprehensive  land  use  examination  in  order  to  determine  the 
long  range  use"  of  the  pits  area.  This  report,  entitled  "The  Pits  at  Maple",  was 
submitted  in  March  by  John  Bousfield  Associates  et_  ( 1975,  p.  53)  and  presented 
land-use  concepts  based  on  both  landfill  and  non-landfill  alternatives.  It  conclu- 
ded by  stating: 

Obviously  the  choice  should  be  the  land-use  alternative  which 
offers  the  greatest  potential  public  benefit.  In  terms  of 
total  advantages  for  regional  as  well  as  local  interest,  the 
landfill  concept  is  clearly  superior  to  the  non-landfill  alter- 
native and  should  be  pursued  if  feasible.  Feasibility  will 
depend,  in  the  first  instance,  on  results  of  the  Ministry  of 
the  Environment's  study  of  ground  water,  and  there  appears 
little  that  can  be  accomplished  until  that  work  is  completed  in 
the  next  few  months. 
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During  1974,  a regional  waste  management  study  was  also  commissioned  by  the 
Region  of  York,  supported  by  a 50?o  grant  from  the  Ministry  of  the  Environment.  A 
preliminary  report,  prepared  by  Gore  and  Storrie  Limited,  in  October  1978,  did  not 
address  itself  to  the  landfill  potential  of  the  Maple  pits,  in  view  of  the  two 
applications  then  under  consideration.  The  final  study  was  commissioned  by  the 
Central  Region  of  the  Ministry  of  the  Environment  to  assess  the  impact  of  the  pro- 
posed landfill  operation  on  traffic  and  environment.  A technical  Steering  Committee 
composed  of  Ministry  personnel  and  two  consultants  (for  hydrogeology  and  traffic) 
was  established  to  review  the  landfill  applications,  conduct  public  information 
meetings  in  Maple,  and  prepare  a Ministry  of  the  Environment  position  on  the  feasi- 
bility of  the  two  landfill  proposals.  By  October  1973,  the  Technical  Steering 
Committee  had  completed  its  detailed  review  of  the  hydrogeological  aspects  of  the 
proposals  and  outlined  its  findings  and  position  in  meetings  with  the  two  appli- 
cants. A number  of  technical  shortcomings  were  identified,  including  insufficient 
confirmed  field  data,  lack  of  in-depth  investigation  of  the  existing  sites,  and 
finally,  a concern  over  both  the  liner  design  as  proposed  and  the  design  details  of 
any  back-up  system.  In  a letter  to  Superior,  the  Director  of  the  Central  Region  of 
the  Ministry  of  the  Environment  stated  that: 

As  a result  it  was  indicated  that  this  office  could  not  support 
your  proposal  before  the  Environmental  Hearing  Board,  unless 
the  foregoing  information  was  submitted  and  reviewed  by  the 
Technical  Steering  Committee. 

(from  P.G.  Cockburn  to  N.  Goodhead,  November  24,  1973.) 

The  Director  went  on  to  indicate  that  the  consultants  for  both  the  applicants 
should  work  together  on  a four-step  program  which  would  include: 

1.  an  initial  basic  calculation  on  proven  assumptions  to  evaluate 
the  potential  environmental  impact  of  the  sites  on  the  area; 

2.  a joint  program  by  the  applicants  to  evaluate  the  impact  of  the 
existing  site(s) ; 

3.  establishment  by  each  applicant,  with  confirmed  field  data  of 
the  hydrogeological  setting  of  this  site;  and, 

4.  re-evaluation  of  the  need  of  the  liner,  as  well  as  its  design 
(if  necessary),  and  of  any  back-up  system. 

In  addition,  the  committee  outlined  the  design  criteria  for  the  above  work 
program  as: 

1.  no  greater  increase  than  50  ppm  of  chloride  concentration  above 
background  at  the  boundaries  of  the  entire  area  requested  for 
approval; 

2.  all  other  parameters  to  meet  the  Ministry's  drinking  water 
standards  at  the  boundaries; 

3.  the  aquifer  to  be  protected  (it  is  a significant  groundwater 
resource) . 

While  the  two  applicants  had  little  choice,  they  were  concerned  about  the 
delay  in  establishing  a public  hearing.  To  allay  this  concern,  the  Ministry  agreed 
that  once  a timetable  had  been  established  for  the  above  program,  a request  would  be 
made  to  set  aside  a period  of  time  for  public  hearings  on  the  two  applications.  By 
December  1975  such  a program  had  been  generally  agreed  upon;  however,  in  March  1976 
the  Ministry  reiterated  that  the  criteria  for  contaminate  discharge  from  the  pro- 
perty remained  the  same  as  in  the  November  1975  and 

If  the  natural  environment  cannot  meet  the  above  criteria,  then 
an  artificial  system  must  be  installed  to  augment  the  natural 
attenuation  ability  to  meet  the  required  boundary  condition. 

Any  system  proposed  should,  of  course,  be  based  on  sound  engi- 
neering principles  and  substantiated  as  much  as  possible  with 
case  histories,  advantages  and  degree  of  reliability. 

(letter  from  P.S.  Isles,  Sr.  Environ.  Officer  to  B.  Pinkerton, 

Marshall,  Macklin,  Monaghan  Limited,  March  29,  1976). 
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In  the  Spring  of  1976,  at  the  request  of  the  Central  Region,  both  applicants 
submitted  revised  engineering  designs  together  with  a joint  hydrogeological  study. 
Following  a review,  the  Ministry's  position  was  presented  to  the  applicants  on  May 
6,  1976,  it  concluded  that  the  Ministry  could  not  support  the  proposals  currently 
before  the  Environmental  Assessment  Board  for  several  reasons,  including: 

1.  A lack  of  compatability  between  the  two  proposals; 

2.  An  absence  of  buffer  or  neutral  zones  around  the  site  bounda- 
ries; 

3.  Inadequate  or  non-existent  evaluation  of  the  potential  impact 
on  offsite  surface  and  groundwater. 


3.4  THE  ENVIRONMENTAL  ASSESSMENT  BOARD  HEARINGS 

Following  public  advertisements  of  the  hearings  in  local  and  Toronto  news 
papers  in  June  of  1976  and  individual  notices  being  sent  to  owners  or  occupants  of 
lands  adjoining  the  proposed  sites,  the  Environmental  Assessment  Board  commenced  its 
hearings  on  July  6,  1976  in  the  Maple  Community  Hall.  These  hearings  were  to  extend 
intermittently  until  November  25,  1977,  over  some  80  hearing  days  during  which  time 
the  Board  heard  56  witnesses.  The  hearing  was  by  its  nature  complicated  and  its 
time  extended  because  3 applications  (2  for  sanitary  landfill  permits,  1 for  a 
resource  recovery  permit)  were  under  consideration  at  the  same  time.  All  persons 
who  appeared  at  the  hearing  were  given  full  opportunity  to  be  heard  or  to  make 
representation  by  counsel  as  well  as  to  raise  questions  concerning  the  applications. 

The  Board  views  a public  hearing  as  having  two  main  objectives. 

The  first  is  to  allow  the  public  the  opportunity  to  understand 
the  applicant's  position,  or  question  the  applicant,  and  other 
intervenors  with  respect  to  a specific  project.  The  second,  is 
to  allow  the  Board  to  hear  evidence  in  a public  forum  and  to 
enable  it  to  formulate  recommendations  on  all  the  evidence,  in- 
cluding the  input  of  the  public,  so  that  a report  can  be  made 
to  the  Ministry  of  the  Environment. 

(Environmental  Assessment  Board  Report  on  Maple  Landfill,  1978,  p.  21.) 

Some  of  the  more  important  evidence  elucidates  the  thrust  of  the  hearings. 
The  Council  of  the  Town  of  Vaughan  by  resolution  stated  that  it  was  opposed  to  the 
approval  of  these  applications  "unless  and  until"  a number  of  conditions  had  been 
met.  Some  of  these  conditions  were:  construction  of  a north-west  bypass  around 
Maple  prior  to  any  landfill  operations  and  control  over  traffic  access  routes  to  the 
site;  the  requirement  for  a permanent  trust  fund  and  performance  bond  relating  to 
the  operation  of  the  site;  a requirement  for  a per  ton  royalty  to  be  paid  to  the 
Town  of  Vauqhan;  acceptance  by  the  applicants  of  a maximum  of  70,000  tonnes  per  year 
of  municipal  refuse  free  of  charge,  a request  that  within  5 years  there  be  a subse- 
quent hearing  to  review  the  operations  of  the  two  sites,  and  a statement  that  the 
Central  Region  of  the  Ministry  of  the  Environment  be  in  a position  to  ensure  the 
Board  that  all  of  the  Ministry's  concerns  on  environmental  standards  and  safeguards 
had  been  satisfied. 

Maple  Against  Dumping  (MAD)  in  its  submission  to  the  Board  opposed  the  appli- 
cations on  the  basis  of: 

(a)  Traffic  considerations:  the  detrimental  effects  of  truck  traf- 
fic on  the  Maple  community; 

(b)  Planning  considerations:  lack  of  planning  by  the  applicants  and 
by  the  three  levels  of  government; 

(c)  Site  considerations:  the  risk  of  ground  water  pollution  on  and 
off  the  site,  and, 

(d)  General  environmental  considerations:  in  particular  the  sense- 
less waste  of  natural  resources. 
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The  two  applicants  submitted  extensive  evidence  on  the  hydrogeological  charac- 
teristics of  the  site,  the  need  for  landfill  disposal  capacity  in  the  Metro  Toronto 
region,  and  the  sanitary  engineering  aspects  of  solid  waste  disposal.  Superior  pro- 
posed the  use  of  a clay  and  membrane  liner  system,  with  a purge  well  system  as  its 
primary  means  of  protection,  with  additional  purge  wells  as  back-up.  In  evidence 
before  the  Board,  Mr.  P.  Vardy,  a witness  for  Superior  and  vice-president  of  Waste 
Management  Inc.,  stated  that: 

...a  large  regional  landfill  as  opposed  to  a series  of  smaller 
landfills  was  the  best  approach  today  because  of  the  need  for 
high  technology  and  the  extensive  start-up  costs  required. 

These  costs  could  only  be  met  through  the  disposal  of  a large 
daily  tonnage.  Another  important  point,  he  suggested,  was  the 
necessity  to  have  experience  in  the  landfilling  business  becau- 
se 3,000  or  more  tonnes  per  day  refuse  required  substantial 
management  and  operations  skills. 

He  reviewed  his  company's  considerable  experience  with  resource 
recovery  but  concluded  that  landfill  was  still  of  prime  impor- 
tance in  handling  of  solid  waste.  He  endorsed  the  concept  of 
recirculation  and  reported  a viewpoint  heard  from  other  wit- 
nesses that  any  site  could  be  engineered  to  get  the  job  done. 

(Environmental  Assessment  Board,  Report  on  Maple  Landfill,  1978,  p.  70.) 

In  essence  the  position  of  the  Central  Region  of  the  Ministry  of  the  Environ- 
ment was  that  there  were  a number  of  issues  yet  to  be  resolved  before  they  could 
support  the  application.  It  should  be  noted  that  the  past  practice  of  the  Ministry 
has  been  not  to  intervene  before  the  Board. 

One  of  the  Central  Region's  basic  arguments  against  approval  of 
these  particular  applications  related  to  a disregard  for  the 
interdependencies  of  the  two  proposals.  As  the  Central 
Region's  brief  stated  "both  applicants  show  a common  boundary 
for  some  2156  m;  and  yet  neither  design  reflects  the  proposals 
of  the  other".  The  Central  Region  was  concerned  that,  on  the 
adjacent  sites,  different  control  procedures  would  be  used 
(purge  wells  and  liners)  different  phasing  and  different  land- 
filling  rates.  In  addition,  monitoring  would  be  difficult 
because  the  purge  wells  would  alter  the  groundwater  flow  under 
the  Superior  site  and  it  would  be  difficult  to  tell  the  source 
of  any  contamination." 

(Environmental  Assessment  Board,  Report  on  Maple  Landfill  1978,  p.  78.) 

The  Board's  report  dated  April  5,  1978  recommended  that  the  applications  for 
landfill  permits  not  be  approved  and  included  the  following  comments: 

The!  Board  has  reviewed  the  various  arguments  for  and 
against  the  proposal,  and  although  it  finds  that  there  is  a 
need  for  additional  landfill  sites  in  the  Metro  Toronto  area, 
this  need,  according  to  the  Central  Region  of  the  Ministry  of 
the  Environment  is  not  yet  urgent,  and  can  be  fulfilled  in  the 
time  available  if  appropriate  studies  are  commenced  in  the 
immediate  future. 

The  Board  heard  considerable  evidence  on  the  existing  hydro- 
geological  environment  and  proposed  protective  techniques. 

However,  the  Board  is  of  the  opinion  that  there  are  too  many 
unanswered  questions,  especially  relating  to  stratigraphy  and 
the  liner  and  purge  well  technology,  to  permit  confidence  in 
the  proposals  as  put  forward. 
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In  addition,  the  time  commitments  to  landfill  that  would  re- 
sult, should  either  of  these  applications  be  approved,  are 
excessive. 

The  Board  recognizes  from  the  evidence  that  there  are  two  major 
aquifers  below  the  pit  area  which  would  require  maximum  protec- 
tion. However,  the  Board  was  not  satisfied,  based  on  the  evi- 
dence led  by  the  applicants,  that  the  proposed  technology  to 
protect  this  aquifer  system  is  sufficiently  proven  to  achieve  a 
fail-safe  operation  in  this  location." 

(Environmental  Assessment  Board,  Report  on  Maple  Landfill  1978,  p.  11-12) 


3.3  PRELUDE  TO  THE  ENVIRONMENTAL  APPEAL  BOARD 

By  notice,  dated  May  30,  1978,  the  Director,  Environmental  Approvals  Branch, 
Ministry  of  the  Environment  acting  under  the  authority  given  to  him  by  the  Environ- 
mental Protection  Act,  1971,  as  amended,  refused  approval  for  both  Superior  and 
Crawford.  The  notice  stated: 

As  director,  under  section  39  (2)  (a),  I consider,  upon  proba- 
ble grounds,  that  the  use,  establishment  and  operation  of  this 
proposed  waste  disposal  site  may  create  a nuisance,  is  not  in 
the  public  interest  and  may  result  in  a hazard  to  the  health  or 
safety  of  any  person. 

While  the  two  refusal  notices  provided  a separate  critique  of  the  technical 
operational  aspects  of  each  proposal,  there  were  in  addition  a number  of  Ministry 
concerns,  common  to  both  of  the  applications. 

These  common  concerns  include  the  following: 

The  proposal  has  failed  to  recognize  the  interrelationship  that 
would  exist  between  these  two  sites  located  within  thesame  sen- 
sitive hydrogeological  setting  with  about  a 2156  m common 
boundary.  This  situation  dictates  the  need  for  a coordinated 
overall  plan  and  a single  responsible  manage-ment  in  keeping 
with  the  best  engineered  design.  This  interrelationship  should 
involve  all  aspects  of  your  propo-sal  including  design,  opera- 
tion, monitoring,  end  use  and  long  term  maintenance. 

The  operation  of  this  site  without  a coordinated  overall  opera- 
ting plan  and  single  responsible  management  which  could  be 
dealt  with  in  the  event  of  any  contingency  arising  which  requi- 
red remedial  action  to  be  taken  in  order  to  pre-vent  each 
applicant  disclaiming  responsibility  would  not  be  in  the  public 
interest . 

Because  of  the  inadequately  sized  and  designed  buffer  zones 
proposed  in  the  application,  the  off-site  intrusion  of  litter, 
dust,  noise  and  visual  impact  will  not  be  adequate-ly  abated  on 
site.  Further,  the  proposed  buffer  zones  pro-vide  a marginal 
width  to  allow  for  monitoring,  attenuation  and  installation  of 
corrective  facilities  should  the  gas  or  leachate  control  system 
fail  and  may  result  in  a hazard  to  the  health  and  safety  of 
users  of  properties  adjacent  to  and  near  the  site. 

(Notice  to  Superior  Sand,  Gravel  and  Supplies  Ltd.,  from  the 
Director,  Ministry  of  the  Environment,  May  30,  1978,  p.  2-3.) 
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In  June  1978,  the  two  applicants  submitted  an  appeal  as  provided  by  Section  78 
of  the  Environmental  Protection  Act,  1971,  as  amended.  In  essence  the  notices  of 
appeal  stated  that  the  Director  had  not  given  sufficient  weight  and  credibility  to 
the  evidence  provided  by  numerous  technical  experts  retained  by  the  applicants. 


3.6  THE  ENVIRONMENTAL  APPEAL  BOARD  HEARING 

Hearings  began  before  the  Environmental  Appeal  Board  on  November  20,  1978  and 
continued  intermittently  for  30  days,  ending  on  January  24,  1980.  Under  various 
sections  of  the  Environmental  Protection  Act,  1971,  as  amended,  the  Appeal  Board  has 
the  authority  to  overturn  decisions  (and  direct  the  issuance  of  a licence)  or  modify 
conditions  imposed  by  the  Director  of  Environmental  Approvals  of  the  Ministry  of  the 
Environment. 

By  this  period,  effective  control  over  the  ownership  and  management  of  the 
proposed  waste  disposal  sites  had  been  obtained  by  Superior  (Waste  Management)  as  a 
result  of  share  purchase  agreements  with  Crawford.  In  addition,  a joint  technical 
and  operational  program  for  the  two  applications  was  presented  by  them  to  the  Appeal 
Board  for  what  had  now  become  a 99  ha  landfill  site.  The  applicants  final  proposal 
can  be  summarized  as  follows: 

The  landfill  would  incorporate  a compacted  clay  till  liner  of 
very  low  permeability  to  effectively  control  leachate  seepage 
and  gas  migration.  A drainage  system  would  be  constructed 
above  the  liner  to  reduce  the  static  head  of  the  liner.  Storm 
water  recharge  ponds  would  be  constructed  on  the  perimeter  of 
the  site  to  maintain  recharge  to  the  upper  aquifer.  Accelera- 
ted refuse  stabilization  would  be  achieved  by  the  application 
of  moisture  to  the  refuse. A methane  recovery  plant  would  be 
constructed  to  extract  gases  from  the  landfill.  A comprehen- 
sive monitoring  program  would  be  instituted  to  ascertain  that 
groundwater  quality  criteria  were  being  satisfied.  In  addi- 
tion, should  it  become  necessary,  a system  of  purge  wells  could 
be  constructed  downgradient  of  the  landfill  to  intercept  the 
flow  before  it  passed  off  site. 

(Marshall  Macklin  Monaghan,  Summary  Report  Landfill 
Proposals,  Maple  Pit  Area,  March  1979,  p.1.) 

Opposition  to  the  appeal  of  the  two  applicants  continued  to  come  from  the 
Maple  Ratepayers  Association  (MAD)  which  had  been  represented  by  legal  counsel  at 
the  two  sets  of  hearings  by  the  Canadian  Environmental  Law  Association  (CELA),  and 
by  a number  of  concerned  individual  local  residents  and  ratepayers.  They  continued 
to  question  the  reliability  of  the  technical  evidence  presented  by  the  applicants  as 
well  as  suggesting  that  as  a result  of  the  substantial  changes  in  the  size  and  tech- 
nical approaches  of  the  applications,  the  Appeal  Board  was,  in  essence,  dealing  with 
a new  application  over  which  the  Board  had  no  jurisdiction. 

On  August  22,  1979,  during  the  course  of  the  hearing,  the  Town  of  Vaughan 
signed  an  agreement  with  Superior  and  Crawford  (owners)  and  Waste  Management  of 
Canada  Inc.  (the  manager)  stating  in  part  that: 

Vaughan  will  not  oppose  or  assist  others  to  oppose,  except  to 
the  extent  of  the  assistance  already  committed,  the  Owners' 
applications  which  are  now  before  the  Environmental  Appeal 
Board  unless  the  solicitor  for  the  Ministry  of  the  Environment 
takes  the  position  before  that  Board  that  the  applications 
should  not  be  approved.  If  the  solicitor  for  the  Ministry 
takes  the  position  that  it  should  only  be  approved  upon  certain 
conditions,  the  Town  may  support  this  position. 

For  a number  of  years  the  Vaughan  Council  and  staff,  at  the  request  of  the  two 
applicants,  had  carried  on  discussions  as  to  the  possibility  of  reaching  agreement 
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relating  to  the  operation  of  the  sites  and  to  the  benefits  to  be  paid  to  the 
municipality.  For  a number  of  reasons,  including  the  local  political  opposition, 
and  the  nature,  complexity  and  size  of  this  proposal,  the  parties  had  been  unable  to 
reach  such  an  agreement.  However,  with  the  matter  now  before  the  Environmental 
Appeal  Board  and  on  the  advice  of  Town  staff  who  felt  that  the  Ministry  of  the 
Environment  would  not  now  oppose  these  applications,  based  on  the  technical  evidence 
and  the  modifications  being  made  to  the  proposal  by  the  applicants,  the  members  of 
the  Council  agreed  that  it  was  in  the  interest  of  the  Town  of  Vaughan  to  come  to 
terms  with  the  applicants  and  thereby  gain  some  local  benefits.  By  the  terms  of 
this  agreement,  the  applicants  would  pay  the  Town  30<$  a ton  of  waste  deposited  on 
the  site  (with  this  fund  initially  paying  for  the  construction  of  a north-west  by- 
pass around  the  Village  of  Maple);  the  applicants  would  provide  free  dumping  of 
garbage  for  the  residents  of  the  town  to  a maximum  population  of  30,000;  and  that 
they  would  convey  the  completed  landfill  area  and  buffer  strips  to  Vaughan  or  to  any 
other  authority  that  Vaughan  might  direct,  free  of  charge,  when  the  site  was  filled 
in  accordance  with  the  Ministry  of  the  Environment's  requirements.  The  applicants, 
of  course,  considered  such  an  agreement  to  be  in  their  interest,  strengthening  their 
position  before  the  Environmental  Appeal  Board  as  well  as  removing  any  possibility 
of  the  town  intervening  in  opposition  at  this  or  at  a later  stage.  The  agreement 
guaranteed  that  the  Town  would  expedite  the  required  Official  Plan  and  zoning  bylaw 
changes  which  still  remained. 

In  January  1980,  the  Ministry  of  the  Environment  made  a submission  to  the 
Appeal  Board  which  stated  that  its  responsibility  was  to  ensure  that  the  evidence 
produced  by  the  applicants  in  the  appeal  hearings  was  supported  by  technical  data 
and  that  the  conclusion  which  followed  could,  therefore,  be  substantiated.  The 
Ministry  had  decided  not  to  produce  witnesses  before  the  Appeal  Board  because  it  was 
satisfied  "that  the  evidence  produced  by  the  applicants  was  fair  in  its  assessments 
of  the  site's  capabilities  and  gave  the  Board  adequate  or  sufficient  information 
upon  which  to  base  a decision".  While  a difference  in  the  technical  evidence  had 
arisen  on  the  question  of  the  reliability  of  clay  liner,  the  Ministry  stated: 

We  do  not  feel  that  the  evidence  was  conclusive  on  the  part  of 
either  expert  nor  are  we  satisfied  that  it  could  be  in  light  of 
the  newness  of  this  technology.  However,  although  a substan- 
tial conflict  in  the  evidence  has  occurred,  we  are  satisfied 
that  the  liner  in  conjunction  with  safeguards  to  be  referred  to 
later  will  contain  leachate  within  the  site  and  away  from  water 
resources. 

Admittedly,  we  have  moved  into  a new  area  of  technical  data 
where  very  little  field  testing  has  been  undertaken.  It  is  our 
responsibility  not  to  require  unlimited  testing,  but  sufficient 
to  allow  us  to  determine  whether  the  natural  environment  will 
be  protected.  The  Environmental  Protection  Act  (E.P.A.)  does 
not  distinguish  between  those  sites  where  natural  attenuation 
is  present  or  lacking.  Clearly,  it  requires  only  that  the 
applicant  provide  for  the  protection  and  conservation  of  the 
natural  environment.  In  this  regard,  the  proposal  must  be  ca- 
pable of  success  and  where  natural  attenuation  is  not  present, 
to  the  extent  it  would  be  preferred  under  ideal  conditions, 
there  must  be  an  adequate  system  of  safeguards  to  ensure  a line 
of  defence  should  the  artificial  means  of  collection  and  dispo- 
sal not  prove  adequate. 

(Submission  to  the  Environmental  Appeal  Board  by  the 
Ministry  of  the  Environment,  January  22,  1980,  p.  2,  4.) 

The  Ministry's  submission  went  on  to  state  that  the  initial  refusal  to  issue  a 
Certificate  of  Approval  had  been  based  on  the  new  technology  associated  with  the 
plastic  liner  and  purge  wells  and  that  there  had  been  a significant  lack  of  coordi- 
nation in  the  design  and  operation  of  the  two  applications.  However,  the  two  appli- 
cants had  made  certain  significant  changes,  including  reduction  in  the  scale  of  the 
proposed  landfilling  thereby  achieving  an  expansion  of  the  buffer  zones;  an  inser- 
tion of  a clay  liner  in  place  of  the  original  plastic  liner;  the  submission  of  a 
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single  design;  and  the  provision  of  an  alternative  route  for  traffic  around  the 
Maple  community.  Their  submission  then  stated  that: 

....We  do  not  feel  that  the  fundamental  concerns  that 
previously  underscored  the  Director's  refusal  are  relevant  at 
this  time  provided  that  certain  matters  which  still  exist  are 
addressed  by  the  Board  and  any  approval  that  they  wish  to 
recommend. 

It  is  our  position  that  if  all  these  safeguards  and  conditions 
precedent  are  undertaken  by  the  owners  and  operators  that  in 
the  event  the  technology  does  not  prove  itself  in  the  field, 
there  are  means  available  to  protect  any  irreparable  harm 
occurring  to  off  site  elements,  i.e.  ground  and  surface  water 
resources.  In  addition,  it  should  be  pointed  out  that  the 
Director  has  certain  authority  under  the  Act  to  control  the 
operations  of  this  site  during  its  lifetime. 

The  Ministry's  submission  stated  that  should  the  Environmental  Appeal  Board 
order  the  approval  of  the  applications,  the  Board  should  identify  a number  of 
conditions  in  general  terms  in  order  "that  sufficient  flexibility  be  given  the 
Director  so  as  to  allow  him  to  meet  the  changing  aspects  of  the  proper  development 
of  this  site  as  new  and  unforeseen  problems  may  arise". 

The  report  of  the  Environmental  Appeal  Board,  dated  March  28,  1980  directed 
the  Ministry  to  issue  a Provisional  Certificate  of  Approval,  including  a list  of  18 
conditions.  It  was  the  opinion  of  the  Board  that  the  appellants  in  their  joint 
appeal  had  successfully  overcome  the  original  grounds  for  the  refusals. 

The  Board  has  concluded  from  evidence  presented  that,  despite 
the  environmental  constraints  on  this  site,  with  the  proposed 
concept,  engineering  management,  and  supervision,  the  water 
quality  and  quantity  in  the  sensitive  aquifers  can  be  protec- 
ted; traffic  can  be  managed  to  minimize  its  effect  on  the  com- 
munity; and  the  site  can  be  reclaimed  to  provide  a useful 
public  resource.  The  Board  is  convinced  that  adequate  finan- 
cial safeguards  are  available  to  protect  the  public  interest 
during  the  operation  and  following  completion  of  thepletion  of 
the  site.  The  Board  is  also  persuaded  that  the  need  for  this 
landfill  site  has  been  established. 

(Environmental  Appeal  Board,  Superior  and  Crawford  Hearing, 

Order,  March  1980,  p.  2.) 


3.7  POSTSCRIPT 

On  September  12,  1980,  the  Ministry  of  the  Environment  issued  a Provisional 
Certificate  of, Approval  for  a waste  disposal  site  (for  domestic,  commercial  and  non- 
hazardous  solid  industrial  wastes)  to  Crawford  and  Superior  as  owners,  with  Waste 
Management  of  Canada  Incorporated  as  the  operator.  The  approval  was  for  a 99.2  ha 
waste  disposal  site  within  a total  site  area  of  375.9  ha  located  in  part  of  lots  21 
to  28  inclusive,  Concession  3,  Town  of  Vaughan  (see  Fig.  3.1).  The  Certificate  was 
subject  to  18  detailed  conditions,  which  were  in  essence  similar  to  those  laid  down 
by  the  Environmental  Appeal  Board.  The  conditions  included  the  following: 

(a)  No  landfilling  was  to  be  carried  out  and  no  preparatory  work 
was  to  be  undertaken  until  all  the  final  working  plans  covering 
all  aspects  of  the  proposal  were  submitted  and  approved  by  the 
Ministry.  The  working  plans  were  to  show  the  boundaries  of  the 
site  and  the  lands  and  any  buffer  zones. 

(b)  The  landfilling  was  to  be  carried  out  in  four  stages;  approval 
was  to  proceed  with  each  stage,  or  continuation  of  the  opera- 
tion of  any  stage  was  to  be  dependent  on  monitoring  results 
acceptable  to  the  Ministry. 
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(c)  A clay  liner  was  to  be  installed  having  a permeability  of 
10”®  cm/sec  in  accordance  with  the  working  plans;  a back-up 
system  of  purge  wells  was  to  be  installed  by  the  applicants  if, 
in  the  opinion  of  the  Ministry,  they  became  necessary. 

(d)  The  owners/operator  were  to  be  responsible  (1)  for  the'  esta- 
blishment of  monitoring  wells  and  the  determination  of  back- 
ground water  guality  prior  to  the  commencement  of  the  land- 
filling,  and  (2)  for  the  development  of  a program  for  recording 
and  monitoring  water  levels  in  off-site  wells,  ponds  and 
streams  within  the  area  of  influence  of  the  landfill  operation. 

(e)  The  site  was  to  be  connected  to  the  York-Durham  Trunk  Sewer  and 
the  north-west  bypass  around  Maple  was  to  be  constructed  prior 
to  landfilling  commencing. 

(f)  The  owners/operator  were  to  undertake  an  environmental  study  to 
establish  baseline  information  on  vegetation,  fish  and  wild 
life  resources  within  an  area  that  could  reasonably  be  expected 
to  be  affected  by  the  operation;  the  final  contours  of  the  site 
were  to  be  approved  by  the  Town  of  Vaughan. 

(g)  The  owners/operator  were  to  provide  financial  guarantees  inclu- 
ding a performance  bond;  a small-claims  trust  fund  in  the 
amount  of  $100,000.00  to  deal  with  claims  arising  from  off-site 
impact  up  to  a maximum  of  $5,000.00  for  each  occurrence  to  be 
administered  by  the  Ministry  of  the  Environment  with  awards  to 
be  made  on  a no-fault  basis;  as  well  as  a post-closure  trust 
fund  to  provide  for  the  projected  costs  of  all  long-term  post- 
closure services  provided  to  protect  the  environment. 

In  October  1980,  the  Vaughan  Planning  Committee  and  Council  passed  an  Official 
Plan  and  Zoning  By-law  Amendment  to  permit  the  operation  of  a landfill  disposal  site 
on  the  subject  lands.  The  operator  then  began  site  preparation  work  and  in  conjuc- 
tion  with  the  Town  construction  activities  to  ensure  the  provision  of  the  north-west 
bypass  and  the  sanitary  sewer  connection,  both  of  which  are  to  be  in  place  by  the 
fall  of  1982. 


3.8  RISKS  AND  CHOICES  IN  THE  GARBAGE  DISPOSAL  DECISION 

Risks  inherent  in  the  disposal  of  the  solid  waste  of  production  and  consump- 
tion processes  in  modern  society  are,  to  generalize,  of  the  high-incidence/low- 
hazard  variety.  Certainly  in  terms  of  human  health,  solid  wastes  are  hardly  compa- 
rable to  tobacco,  ionizing  radiation,  PCB's  and  saccharin.  Nevertheless,  solid 
wastes  do  contribute  to  environmental  deterioration  and  can  eventually  undermine 
human  health.  But  the  risks  to  the  environment  and  to  human  health  consequent  upon 
the  disposal  of  solid  wastes  are  inevitable  - they  cannot  be  eliminated  in  the  same 
way  that  tobacco  or  saccharin  can  be  reduced,  i.e.  by  voluntary  or  legislative 
control.  Solid  wastes  are  beyond  such  action  and  there  is  "no  escape  from  the  basic 
physical  principles  entailed  in  the  conservation  of  matter"  (David  1973,  p.  6).  The 
study  of  the  Maple  Pits  illustrates  some  of  the  issues  that  arise  in  the  management 
of  hazardous  materials  contained  in  solid  wastes. 

Contamination  of  ground  water,  surface  water  and  the  air  by  noxious  sub- 
stances, sensory  environmental  deterioration,  and  pest  populations  are  all  hazards 
associated  with  solid  waste  disposal.  These  hazards  may  have  both  direct  and  indi- 
rect effects  on  physical  and  mental  health,  but  these  effects  are  taken  for  granted 
in  our  discussions^.  Of  course,  the  hazardousness  of  certain  solid  wastes  is  the 
reason  why  extremely  stringent  waste  management  procedures  are  necessary  in  large 
population  centres.  Nevertheless,  the  effects  of  solid  wastes  "are  likely  to  be 


'This  case  study  does  not  grapple  In  detail  with  the  injurious  effects  of  solid 

waste. 
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be  uncertain,  subtle  and  long  term,  in  contrast  to  normal  rather  immediate  and 
highly  visible  effects  of  economic  activities.  Confronted  by  such  uncertainties, 
how  are  human  beings,  individually  or  collectively,  to  arrive  at  rational  choices 
about  different  levels  of  environmental  quality?"  (David  1973,  p.  19). 

This  is  precisely  the  question  which  provides  the  context  of  our  consideration 
of  the  applications  for  solid  waste  disposal  permits  for  the  pits  at  Maple.  Solid 
waste  produces  significant  externalities;  thus,  a major  factor  in  the  need  to  make  a 
decision  about  the  level  of  environmental  quality  is  the  requirement  to  cost  those 
externalities.  The  essence  of  the  externality  issue  is  caught  in  a simple  phrase: 
"One  person's  trash  basket  is  another  person's  living  space"  (Committee  on  Pollution 
1966,  p.  3).  More  technically,  the  essence  of  the  externality  notion  "is  that  the 
productive  or  consumptive  activity  of  one  individual  can  add  to,  or  reduce,  the  same 
capacity  in  another  individual".  External  economies  can  thus  be  positive  or  nega- 
tive inform,  but  in  either  case  they  must  be  unsolicited"  (Harrison  1963,  p.  1). 
Clearly  in  the  case  of  solid  wastes  the  externalities  which  are  imposed  on  the  gene- 
ral populace,  and  especial  the  local  populace,  are  negative.  Some  of  the  externa- 
lity effects  are  quite  transparent  "residuals...  usually  render  disservices  (like 
killing  fish,  in-creasing  the  difficulty  of  water  treatment,  reducing  public  health, 
soiling  and  deteriorating  building,  etc.)  rather  than  services.  These  services  flow 
to  consu-sumers  and  producers  whether  they  want  them  or  not,  and  except  in  unusual 
cases  they  cannot  control  them  by  enqaging  in  individual  exchanges"  (Kneese  et  al . 
1972,  p.  7). 

Inability  to  avoid  the  externalities  produced  by  solid  waste  disposal  is  a 
sure  indicator  that  solid  waste  is  a matter  that  has  to  be  dealt  with  in  a public 
policy  arena  rather  than  by  the  free  market.  Haefele  (1972,  p.  281)  puts  it  thus: 
"It  was  once  generally  true  that  environmental  quality  could  be  purchased  in  the 
private  market.  As  my  income  rose,  I could  confidently  look  forward  to  enjoying 
cleaner  air,  a quieter  neighbourhood...  When,  however,  rich  and  poor  alike  suffer 
from  an  environmental  quality  problem...  we  know  that  the  invisible  hand  (of  the 
market)  has  deserted  us". 

Solid  waste  management  becomes  a public  matter  rather  than  one  amenable  to 
control  by  the  market  simply  because  the  negative  externalities  produced  by  solid 
wastes  impinge  upon  "common  property",  i.e.  the  air,  water  courses,  ecological 
systems  and  landscape  quality.  These  are  termed  common  properties  because  they  have 
economic  value,  cannot  easily  be  reduced  to  individual  ownership  and  do  not  enter 
the  conventional  process  of  market  exchange.  Since  individuals  cannot  protect 
common  property  resources,  "they  must  be  brought  under  some  sort  of  collective 
public  management"  (David  1973,  p.  13).  Public  management  implies  the  selection, 
implicitly  or  explicitly,  of  some  sort  of  collective  choice  model  by  which  to  make 
decisions  with  respect  to  environmental  quality. 

The  two  identified  themes  - externalities  and  collective  choice  - quite  evi- 
dently are  relevant  signposts  to  the  unravelling  of  the  events  leading  up  to  the 
grantinq  of  permission  to  dispose  of  solid  wastes  in  the  Maple  Pits. 

Costs  and  benefits  contingent  on  disposing  of  solid  wastes  can  theoretically 
be  specified,  but  in  practice  they  are  difficult  to  reduce  to  a dollar  calculus. 
The  reason  is  that  it  is  very  difficult  to  put  a cost  on  the  externalities  of  the 
disposal  scheme.  How  much  should  a company  be  expected  to  pay  a municipality  for 
placing  an  additional  burden  on  the  road  system,  or  on  local  residents  for  producing 
dust  or  lowered  property  values,  or  on  everyone  for  fouling  air  or  water?  These 
questions  quickly  turn  into  technical  questions:  what  is  the  appropriate  technology 
to  reduce  air  and  water  pollution  to  an  acceptable  level?  Again  questions  of  this 
type  turn  into  collective  choice  questions,  who  is  to  determine  an  acceptable  level 
and  who  is  to  determine  whether  the  technology  is  indeed  capable  of  performing  at 
this  level? 

The  Maple  Pits  provide  an  example  of  a collective  choice  process  in  which 
technical  staff  from  the  Ministry  of  the  Environment  were  required  to  make  decisions 
about  the  efficacy  of  a proposed  solid  waste  disposal  technology.  A Provisional 
Certificate  of  Approval  to  permit  solid  waste  disposal  was  issued  only  after  consi- 
derable time  and  careful  study  of  the  technical  issues  and  significant  improvements 
in  the  original  proposals.  Of  course,  the  technical  debate  did  not  formally  address 
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the  cost-benefit  issue.  This  matter  was  left,  as  it  should  have  been,  to  political 
determination.  This  interpretation  simplifies  the  question  because  it  was  clear  to 
the  technocrats  that  each  improvement  increased  the  cost  of  technology  and  endange- 
red the  economics  of  the  enterprise.  Their  "Catch  22"  was  that  they  recognized  the 
pressinq  need  for  a dumpsite,  but  could  not  approve  one  with  inadequate  technology; 
nor  could  they  push  the  Company  beyond  the  dictates  of  economics.  The  resolution 
was  to  take  the  technology  issue  as  far  as  it  could  reasonably  be  pushed  and  then  to 
introduce  a bonding  system  to  take  care  of  compensation  claims  resulting  from  tech- 
nological failure. 

Implicit  in  the  agreement  to  provide,  at  no  cost,  some  disposal  capacity  to 
the  Town  of  Vaughan,  to  post  a performance  bond  to  meet  the  claims  for  off-site  im- 
pacts and  to  deed  the  site  at  completion  to  the  public,  is  a pricing  of  externali- 
ties. Also,  it  is  clear  that  the  cost -benefit  calculus  was  unable  to  quantify  costs 
and  benefits,  which  - as  with  many  other  matters  - is  reduced  to  negotiation. 
Nevertheless,  the  overwhelming  evidence  is  that  the  really  crucial  issue,  namely  the 
provision  of  a desired  level  of  environmental  quality,  was  taken  care  of  by  techni- 
cal arguments  and  the  burden  of  payment  for  that  quality  level  was  left  for  determi- 
nation by  the  applicant  and  the  local  and  regional  politicians.  Perhaps  the  appor- 
tionment of  the  costs  between  these  two  for  the  environmental  quality  obtained  is 
ultimately  insignificant  alongside  the  level  of  quality  itself. 

The  pricing  of  externalities  and  the  adoption  of  a collective  choice  model  for 
decision-making  provide  a theoretical  context  for  solid  waste  disposal  in  Maple.  At 
a more  pragmatic  level,  the  decision-making  process  can  be  characterized  as  a set  of 
protracted  negotiations  between  the  interested  parties  - principally  the  Town  of 
Vaughan's  politicians  and  staff,  the  Provincial  Government's  technical  experts  and 
the  Company  officials.  The  Town's  politicians  quickly  became  resigned  to  the  inevi- 
tability of  waste  disposal  and  were  concerned  to  minimize  the  risks,  and  later,  to 
achieve  a reasonable  level  of  benefits  for  the  Town.  The  promoters  were  concerned 
about  securing  approvals,  but  not  at  any  cost  and  certainly  not  at  the  cost  of  long- 
term technological  failure  and  serious  environmental  degradation.  The  Province's 
officials  were  clearly  responsible  for  preventing  the  latter  eventuality,  or  at 
least  in  reducing  the  probability  of  its  occurrence  to  an  acceptable  level.  In 
essence,  much  of  the  interaction  between  the  three  principal  participants  can  be 
interpreted  as  a gradual  covergence  upon  an  acceptable  low  probability  level  of 
disaster  occurrence  and  upon  an  agreed  distribution  of  benefits. 

The  Maple  pits  were  nearing  the  end  of  their  life  as  a source  of  sand  and 
gravel  and  were  a natural  target  for  a major  metropolitan  area's  solid  waste.  This 
volume  of  waste  can  only  be  managed  adequately  if  the  most  modern  technology  is  em- 
ployed. The  waste  disposal  industry  has  anticipated  both  the  requirements  of  major 
metropolitan  areas  and  the  need  for  new  technology.  The  inevitability  of  waste  and 
its  disposal  left  the  Town  of  Vaughan,  Metropolitan  Toronto  and  the  Province  of 
Ontario  little  choice  but  to  seek  a site-specific  accommodation  with  the  disposal 
operators,  that  was  both  politically  acceptable  and  technically  feasible. 


REFERENCES 

David,  M.  1973.  Environmental  quality  and  social  behaviour:  strategies  for 
research.  National  Academy  of  Sciences,  Washington,  D.C. 

Environmental  Appeal  Board  1980.  Superior  and  Crawford  hearing,  Order.  Toronto, 
March. 

Environmental  Assessment  Board  1978.  Report  of  Maple  landfill.  EAB,  Toronto. 
Haefele,  E.T.  1972.  Environmental  quality  as  a problem  of  social  choice. 
Environmental  Quality  Analysis,  (Eds.)  A.V.  Kneese  and  B.T.  Bower,  Johns 
Hopkins  Press,  Baltimore. 

Harrison,  P.  1965.  Spatial  externalities  and  the  problem  of  resource  control. 
Univ.  of  Ottawa,  Ottawa,  Research  Note  8. 

Kneese,  A.V.,  R.U.  Ayres  and  R.C.  d'Arge  1972.  Economics  and  the  environment.  RFF 
Inc.,  Washington,  D.C. 

MacLaren  Ltd.,  James  F.,  Black  and  Veatch.  1967.  Report  and  technical  discussion 
on  refuse  disposal  for  Municipality  of  Metropolitan  Toronto. 

National  Academy  of  Sciences  1966.  Committee  on  Pollution.  NRC,  Washington,  D.C., 
Pub.  1400. 


. 

' 


145 


CASE  STUDY  No.  4 
SMOKING  RISKS  IN  CANADA 

Neil  E.  Collishaw 

Health  Protection  Branch,  Department  of  National  Health  and  Welfare,  Ottawa 


"A  custome  lothsome  to  the  eye,  hatefull  to  the  nose, 
harmfull  to  the  braine,  dangerous  to  the  lungs...” 

King  James  I, 

Counter  Blaste  to  Tobacco,  1604 


4.1  INTRODUCTION 

While  King  James  was  an  early  chronicler  of  the  hazards  of  tobacco,  more 
recent  authors  have  compiled  an  impressive  amount  of  scientific  information  about 
the  serious  health  consequences  of  smoking  (DHEW  1979).  People  aged  30-35  who  smoke 
two  packs  of  cigarettes  per  day  have  a life  expectancy  eight  to  nine  years  shorter 
than  non-smokers  of  the  same  age.  Smoking  has  been  implicated  as  a risk  factor  for 
a number  of  diseases  including  coronary  heart  disease,  lung  cancer,  chronic 
bronchitis,  emphysema,  peptic  ulcers,  cancer  of  the  larynx  and  oral  cancers,  to  name 
but 'a  few. 

These  facts  are  widely  known  and  have  been  given  media  coverage  since  the 
release  of  the  first  "Smoking  and  Health"  report  in  the  United  States  in  1964  (DHEW 
1964).  Since  that  time  governments  and  voluntary  agencies  have  constantly  advised 
against  the  dangers  of  smoking;  many  educational  materials  and  smoking  cessation 
programs  have  been  made  available. 

Despite  the  weight  of  evidence  against  smoking,  many  people  continue  to  smoke. 
There  has  been  a steady  decline  in  the  proportion  of  daily  cigarette  smokers  in 
Canada,  from  43%  of  the  adult  population  in  1965  to  34%  in  1979.  Despite  this  pro- 
portional decline,  the  actual  number  of  daily  cigarette  smokers  increased  from  5.6 
million  in  1965  to  6.5  million  in  1979  (Wheatley  1980).  The  number  of  manufactured 
cigarettes  sold  in  Canada  increased  from  43  billion  in  1965  to  64  billion  in  1979, 
or,  expressed  another  way,  from  8200  cigarettes  per  daily  smoker  in  1965  to  11,300 
cigarettes  per  daily  smoker  in  1979  (Thompson  1978).  Despite  a large  and  growing 
body  of  evidence  on  the  serious  health  risks  of  smoking,  6.5  million  Canadians 
continue  to  smoke  an  average  of  31  cigarettes  per  day. 


4.2  RECOGNIZING  THE  RISKS 

Tobacco  is  a filthy  weed, 

That  from  the  devil  does  proceed, 

It  drains  your  purse,  it  burns  your  clothes, 

It  makes  a chimney  of  your  nose. 

Attributed  to 

Oliver  Wendell  Holmes  (1809-1894). 

Tobacco  was  first  introduced  to  Europe  in  the  sixteenth  century.  However, 
daily  smoking  of  cigarettes  did  not  become  popular  in  industrialized  countries  until 
the  early  years  of  the  twentieth  century.  Since  that  time  cigarette  smoking  has 
become  widespread  throughout  most  of  the  world. 

While  many  observers  have  warned  against  the  health  risks  of  smoking  since  the 
sixteenth  century,  no  scientific  evidence  was  available  until  the  1920 's  and  1930 's 
(Tylecote  1927;  Arkin  and  Wagner  1936;  Pearl  1938).  These  early  findings,  however, 
were  greeted  with  skepticism  by  the  scientific  community  and  ignored  by  policy 
makers  until  the  1960's  when  a great  deal  more  evidence  concerning  the  risks  of 
smoking  began  to  appear.  Most  significant  among  these  were  a number  of  prospective 
studies  carried  out  in  Britain,  the  United  States  and  Canada,  all  of  which  demon- 
strated a relationship  between  smoking  and  death  from  lung  cancer  and  other  diseases 
(Best  and  Walker  1964;  Doll  and  Hill  1956;  Hammond  and  Horn  1958;  Dunn  et_  £l . 1960; 
Hammond  1966;  Weir  and  Dunn  1970).  These  and  other  studies  were  summarized  in  a 
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report  by  the  British  Royal  College  of  Physicians  in  1962  (Royal  College  of 
Physicians  of  London  1962)  and  again  by  the  United  States  Surgeon-General  in  1964 
(DHEW  1964). 

Some  of  the  evidence  about  the  risks  of  smoking  that  accumulated  in  the  1950's 
and  early  1960 's  was  Canadian  in  origin.  A series  of  studies  by  Phillips  from  1954- 
1961  explored  the  relationship  between  lung  cancer  mortality  and  smoking  in  Canada 
(Phillips  1954;  1959;  1961).  Other  authors  examined  the  same  problem  (Sellers  1963; 
Gryzbowski  and  Sutherland  1963;  Davies  et  al.  1964).  A prospective  study  of  the 
Department  of  Veterans'  Affairs  pensioners  was  carried  out  from  1956-1962  by 
officers  of  the  Department  of  National  Health  and  Welfare  (Best  and  Walker  1964). 
There  results  showed  significantly  higher  rates  of  death  from  all  causes  for  regular 
cigarette  smokers. 

By  1964,  with  the  publication  of  the  United  States  Surgeon-General's  report, 
the  relationship  of  smoking  to  mortality  had  gained  general  acceptance  in  the 
scientific  community,  26  years  after  Raymond  Pearl  (1938)  first  published  life 
tables  demonstrating  just  this  relationship. 

Since  1964,  a great  deal  more  scientific  evidence  has  accumulated,  indicating 
that  smoking  has  even  more  serious  health  consequences  than  were  known  in  1964. 
Early  evidence  indicated  that  smoking  had  serious  consequences  for  men  who  smoke. 
More  recent  evidence  has  indicated  the  same  serious  health  consequences  for  women 
who  smoke.  Fetal  health  and  children's  health  have  been  shown  to  be  impaired  by 
maternal  smoking.  Interactive  effects  of  smoking  and  birth  control  pills,  with 
negative  health  consequences  have  also  been  demonstrated  (DHEW  1980). 

Workers  in  certain  industries  such  as  asbestos,  rubber,  coal,  textiles, 
uranium  and  chemical  industries  live  with  high  levels  of  occupational  hazard.  Their 
risks  of  illness  and  death  are  multiplied  if  they  are  also  cigarette  smokers  (DHEW 
1979).  New  evidence  has  also  emerged  pointing  to  serious  health  risks  of  secondary 
smoke  (Hirayama  1981;  Trichopoulos  et  jd . 1981). 

In  recent  years,  several  thousand  different  constituents  have  been  identified 
in  tobacco  smoke  (DHEW  1981).  Through  the  methods  of  constituent  toxicology  and 
bioassay  systems,  at  leat  50  of  these  have  been  shown  to  be  known  or  suspected  toxic 
agents  (Wynder  and  Hoffman  1979). 

In  short,  the  risks  of  smoking  are  now  well  recognized.  With  each  passing 
year,  new  evidence  is  brought  forward  detailing  new  aspects  of  the  health  risks 
associated  with  smoking. 

4.3  RISKS  OF  DEATH,  ILLNESS  AND  DISABILITY 

Smoking  is  almost  certainly  causally  related  to  cancers  of  the  trachea, 
bronchus,  lung,  larynx,  oral  cavity,  pharynx  and  oesophagus  as  well  as  ischaemic 
heart  disease,  cerebrovascular  disease,  chronic  bronchitis  and  emphysema.  In 
addition  it  is  a suspected  agent  in  the  development  of  cancers  of  the  bladder, 
urinary  organs  and  pancreas  as  well  as  peptic  ulcers,  other  heart  and  cardiovascular 
diseases.  Referring  only  to  those  causes  of  death  that  are  almost  certainly  related 
to  smoking,  Ouellet  et  al . (1977)  have  calculated  attributable  fractions  for  deaths 
between  ages  1 and  70  and  potential  years  of  life  lost  between  ages  1 and  70  for 
Canada  in  1974.  Their  results  are  summarized  in  Table  1.  Thirty  percent  of  pre- 
mature deaths  from  only  these  causes  and  34?o  of  potential  years  of  life  lost  can  be 
attributed  to  smoking.  Table  4.1  shows  that  8700  deaths  before  age  70  in  1974  could 
be  attributed  to  smoking.  As  serious  as  this  burden  of  mortality  is,  it  understates 
the  case.  Deaths  over  the  age  of  70  are  not  included  in  the  statistics,  nor  are 
deaths  due  to  causes  where  the  relationship  to  smoking  is  not  certain,  but  is 
strongly  suspected.  Smoking  takes  a very  large  toll  of  human  lives  every  year. 

A significant  proportion  of  hospitalization  is  due  to  smoking-related  causes. 
Table  4.2  (Ouellet  1979)  shows  the  leading  causes  of  hospitalization  in  1975.  Heart 
disease,  cerebrovascular  disease  and  respiratory  disease  are  all  smoking-related 
illnesses.  Respectively,  they  are  the  first,  third  and  fourth  leading  causes  of 
hospitalization. 
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Table  4.1.  Summary  of  deaths  between  ages  1 to  70  and  PYLL  attributable  to  current 
smoking,  Canada  1974.  (Number,  attributable  fraction  and  (range) 


Total  death 

Deaths  attributable  to 

Attributable 

Cause  of  death 

(1-70) 

current  smoking 
number  and  (range) 

Fraction  (%) 
for  total  deaths 

55  and  (range) 

1.  Lung  cancer  (ICD  162)^ 

4,187 

2,655  (2,016-  3,290) 

63.4  (48.1-78.6) 

2.  Cancer  of  oral  cavity 

859 

563  (418-  708) 

65.5  (48.7-82.4) 

and  pharynx,  larynx 
and  esophagus 
(ICD  140-150,  161) 

3.  Chronic  bronchitis 

1,115 

4671  (89-  773) 

41. 91  (8.0-69.3) 

and  emphysema 
(ICD  490-492) 

4.  Ischemic  heart  disease 

19,205 

4,531  (3,399-  5,663) 

23.6  (17.7-29.5) 

(LCD  410-414) 

5. 'Cerebrovascular  disease 

4,068 

501  (170-  831) 

12.3  (4.2-20.4) 

(ICD  430-438) 

Total 

M 

21,860 

7,611  (5,441-  9,704) 

34.8  (24.9-44.4) 

Smoking-related 

F 

7,574 

1,107  (651-  1,562) 

14.6  (8.6-20.6) 

causes 

T 

29,434 

8,718  (6,092-11,266) 

29.6  (20.7-38.3) 

Total  PYLL 

PYLL  attributable  to 

Attributable 

current  smoking 

fraction  (?o) 
for  total  PYLL 

1.  Lung  cancer  (ICD  162) 

44,853 

27,550  (20,912-  34,142) 

61.4  (46.6-76.1) 

2.  Cancer  of  oral  cavity 

9,838 

6,494  ( 4,862-  8,128) 

65.8  (49.2-82.2) 

and  pharynx,  larynx 
and  esophagus 
(ICD  140-150,  161) 

3.  Chronic  bronchitis 

10,753 

3,5681  (224-  6,102) 

33. 21  (2.1-56.7) 

and  emphysema 
(ICD  490-492) 

4.  Ischemic  heart  disease 

(ICD  410-414) 

198,328 

60,900  (46,573-  75,340) 

30.7  (23.5-38.0) 

5.  Cerebrovascular  disease 

45,418 

6,573  (2,285-  10,862) 

14.5  (5.0-23.9) 

(ICD  430-438) 

Total 

M 

233,726 

91,078  (66,625-114,744) 

39.0  (28.5-49.1) 

smoking-related 

F 

75,512 

14,007  (8,231-  19,830) 

18.5  (10.9-26.3) 

causes 

T 

309,239 

105,085  (74,856-134,574) 

34.0  (24.2-43.5) 

^Men  only  - no  data  available 

for  women 

^ICD  is  the  international 

classification 

of  cause  of  death 

Source:  Ouellet  et  al.  (1981) 

Shillington  (1977)  has  calculated  direct  annual  costs  for  physicians  and 
hospital  services  attributable  to  lung  cancer,  coronary  heart  disease,  bronchitis 
and  emphysema  due  to  smoking.  He  estimated  these  costs  would  be  $56  million  dollars 
in  1981.  In  1981  dollars  these  costs  would  total  $123  million.  Indirect  costs  and 
costs  due  to  other  smoking-related  causes  of  hospitalization  are  not  considered. 
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Table  4.2.  Patient-days  by  major  causes,  general  and  allied  special  hospitals, 
by  sex,  Canada  1975 


Cause  (or  group  of  causes) 

Total  (F 
number 

All  Ages 

and  M)  Females 

% number 

Males 

number 

1.  Heart  disease 

3,618,260 

8.7 

1,761,581 

1,856,679 

(a)  Ischaemic 

2,720,038 

1,301,095 

1,418,943 

2.  Accidents 

3,172,607 

7.7 

1,502,739 

1,669,868 

(a)  Fractures  and  intercranial 

2,381,467 

1,245,257 

1,136,210 

injuries 

(b)  Other  trauma 

791,140 

257,482 

533,658 

3.  Cerebrovascular  disease 

2,932,541 

7.1 

1,682,177 

1,250,364 

4.  Respiratory  disease 

2,928,067 

7.1 

1,227,870 

1,700,197 

(a)  Acute  upper  respiratory 

529,349 

231,930 

297,419 

infection 

(b)  Influenza 

95,957 

56,607 

39,350 

(c)  Pneumonia 

918,379 

423,422 

494,957 

(d)  Bronchitis  and  emphysema 

530,583 

168,991 

361,592 

(e)  Asthma 

248,545 

125,556 

122,989 

(f)  Other 

605,254 

221,364 

383,890 

5.  Mental  disorders 

2,744,535 

6.6 

1,535,829 

1,208,706 

(a)  Alcoholic  psychosis 

59,412 

14,353 

45,059 

(b)  Other  psychosis 

1,062,694 

630,323 

432,371 

(c)  Neurosis  and  personality 

1,482,744 

815,617 

667,127 

disorders 

(d)  Mental  retardation 

139,685 

75,536 

64,149 

6.  All  deliveries 

2,177,222 

5.3 

2,177,222 

N.  A. 

(a)  Without  complication 

1,424,325 

1,424,325 

N.A. 

(b)  With  complications 

752,897 

752,897 

N.  A. 

7.  Diseases  of  the  nervous  system 

2,104,899 

5.1 

1,088,011 

1,016,888 

(a)  Hereditary  and  familial 

64,853 

28,848 

36,005 

(b)  Other 

2,040,046 

1,059,163 

980,883 

8.  Diseases  of  the  musculoskeletal 

1,827,277 

4.4 

1,118,902 

708,373 

system 

(a)  Rheumatoid  arthritis 

412,948 

304,218 

108,730 

(b)  Osteoarthritis 

430,298 

261,515 

168,774 

(c)  Other  diseases 

984,040 

553,169 

430,877 

9.  Arteriosclerotic  disease 

1,115,363 

2.7 

539,542 

575,821 

(a)  Arteriosclerosis 

645,666 

372,410 

273,256 

(b)  Other 

469,697 

167,132 

302,565 

10.  Symptoms,  senility  and  ill- 

1 .028,128 

2.5 

570,097 

485,031 

defined  conditions 

11.  Other  disease  of  breast  and 

female  genitalia 

998,126 

2.4 

989,570 

8,556 

12.  Infections  of  kidney  and  urinary 

992,154 

2.2 

466,151 

456,003 

system 

(a)  Nephritis  and  nephrosis 

167,022 

73,679 

93,343 

(b)  Infections  of  kidney 

105,264 

78,015 

27,249 

(c)  Infections  of  urinary  system 

261,926 

116,027 

145,899 

(d)  Other  diseases  of  urinary 

387,942 

198,430 

189,512 

systems 

13.  Infectious  diseases 

905,346 

2.2 

432,504 

472,842 

14.  Diabetes 

833,682 

2.0 

498,136 

335,546 

(b)  Other  forms 

898,222 

460,486 

437,736 

Other  causes 

14,138,565 

34.1 

7,598,958 

6,539,607 

Total  (all  causes) 

41,446,772 

100.0 

23,189,289 

18,257,483 

Source:  Health  Division,  Statistics  Canada 

^Excludes  mental  hospitals  and  tuberculosis  sanitona  as  well  as  outpatients 
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Clearly,  hospitalization  for  smoking-related  causes  imposes  a considerable  burden  on 
Canadian  society. 

In  addition  to  death  and  hospitalization,  smoking  also  takes  a toll  of  non- 
institutional  disability.  The  recent  Canada  Health  Survey  sheds  light  on  this  topic 
(Stephens  at  ad.  1981).  Table  4.3  shows  the  annual  number  of  disability  days  per 
person  by  smoking  status  and  Table  4.4  displays  the  same  information  in  index  form; 
annual  disability  days  for  those  who  never  smoked  was  set  at  1.0.  A dis-  ability 
day  is  defined  as  a day  with  less  than  normal  activities  for  all  or  most  of  the  day 
due  to  health  reasons.  It  includes  days  spent  in  bed,  days  missed  from  work  or 
school  and  all  other  days  of  reduced  activity  related  to  health.  While  the  trends 
are  not  always  consistent,  those  who  smoke  23  or  more  cigarettes  per  day  clearly 
suffer  more  disability  days  than  lighter  smokers  or  those  who  never  smoked.  Heavy 
male  smokers  have  25%  more  disability  days  than  men  who  never  smoked.  For  women  the 
corresponding  figure  is  69%.  Women  experience  more  disability  days  than  men,  but 
women  who  are  heavy  smokers  have  a proportionately  much  larger  number  of  annual 
disability  days.  Women  who  smoke  23  or  more  cigarettes  per  day  have  an  average  of 
30  disability  days  per  year,  while  women  who  never  smoked  have  18  days  of  disability 
per  year. 

Smoking-related  diseases  typically  do  not  become  manifest  until  a smoking 
history  of  25  to  30  years  has  been  established.  It  is  not  surprising,  therefore, 
that  heavy  smokers  aged  45-64  almost  all  of  whom  have  been  smoking  for  two  or  three 
decades,  experience,  on  the  average,  one  month  of  disability  per  year.  For  every 
day  of  disability  experienced  by  45-64  year  old  men  who  never  smoked,  heavy  male 
smokers  have  2.5  disability  days.  For  women  the  corresponding  ratio  is  1 to  2.1. 

The  relationship  between  smoking  status  and  disability  apparently  disappears 
and  even  reverses  for  men  aged  65  and  over.  However,  the  smoking  histories  of  those 
65  and  over  are  characterized  by  a much  later  onset  of  smoking  and  fewer  cigarettes 
per  day  resulting  in  lower  lifetime  exposure  than  younger  cohorts.  More  importantly 
many  people  did  not  get  an  opportunity  to  be  included  in  Tables  4.3  and  4.4;  they 
died  before  age  65  from  smoking-related  causes. 


Table  4.3.  Annual  disability  days  per  person  by  type  of  cigarette  smoker  and  number 
of  cigarettes  smoked  daily,  by  age  and  sex,  Canada  1978-1979 


Annual  disability 

days 

Never 

smoked 

Former 

smoker 

Smokes  1-22 
cigarettes  daily 

Smokes  23  or  more 
cigarettes  daily 

Age  15  and  over 

total 

14.6 

15.2 

14.0 

18.3 

male 

9.5 

11.9 

11.3 

11.9 

female 

17.6 

19.8 

16.6 

29.7 

15  to  19 

total 

6.0 

6.9 

8.2 

9.6 

male 

5.6 

5.8 

9.4 

4.8 

female 

6.3 

7.9 

7.0 

13.4 

20  to  24 

total 

9.1 

12.4 

10.8 

16.3 

male 

6.9 

5.9 

7.2 

14.5 

female 

11.2 

17.9 

13.9 

19.8 

25  to  44 

total 

12.0 

11.6 

12.9 

13.3 

male 

9.4 

6.2 

7.4 

5.8 

female 

13.6 

18.2 

18.2 

26.1 

45  to  64 

total 

18.1 

17.9 

19.6 

28.9 

male 

8.5 

16.4 

18.9 

20.9 

female 

21.6 

20.7 

20.2 

45.5 

65  and  over 

total 

29.3 

28.2 

21.3 

21.7 

male 

31.4 

21.8 

18.8 

14.9 

female 

28.9 

46.6 

25.0 

35.8 

Source:  Canada  Health  Survey,  Health  and  Welfare  Canada,  1981  (unpublished  data). 
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Table  4.4.  Index  of  annual  disability  days  per  person  by  type  of  cigarette  smoker 
and  number  of  cigarettes  smoked  daily,  by  age  and  sex,  Canada  1978-1979. 
"Never  smoked"  = 1.0 


Annual  disability  days 

Never 

smoked 

Former 

smoker 

Smokes  1-22 
cigarettes  daily 

Smokes  23  or  more 
cigarettes  daily 

Age  15  and  over 

total 

1.0 

1.0 

1.0 

1.3 

male 

1.0 

1.3 

1.2 

1.3 

female 

1.0 

1.1 

0.9 

1.7 

15  to  19 

total 

1.0 

1.2 

1.4 

1.6 

male 

1.0 

1.0 

1.7 

0.9 

20  to  24 

total 

1.0 

1.4 

1.2 

1.8 

male 

1.0 

0.9 

1.0 

2.1 

female 

1.0 

1.6 

1.2 

1.8 

25  to  44 

total 

1.0 

1.0 

1.1 

1.1 

male 

1.0 

0.7 

0.8 

0.6 

female 

1.0 

1.3 

1.3 

1.9 

45  to  64 

total 

1.0 

1.0 

1.1 

1.6 

male 

1.0 

1.9 

2.2 

2.5 

female 

1.0 

1.0 

0.9 

2.1 

65  and  over 

total 

1.0 

1.0 

0.7 

0.7 

male 

1.0 

0.7 

0.6 

0.5 

female 

1.0 

1.6 

0.9 

1.2 

Source:  Canada  Health  Survey,  Health  and  Welfare  Canada,  1981  (unpublished  data). 


4.4  COSTS  AND  BENEFITS  OF  SMOKING 

While  tobacco  presents  very  substantial  risk  of  death,  illness  and  disability, 
possibly  more  than  any  other  single  product,  it  also  generates  a considerable  amount 
of  economic  activity  in  Canada.  In  fact,  tobacco  offers  important  benefits,  and 
costs,  to  the  Canadian  economy.  While  a definitive  cost-benefit  analysis  of  tobacco 
in  Canada  has  not  been  done,  there  are  estimates  of  each. 

The  Canadian  Tobacco  Manufacturers'  Council  (1979)  sponsored  a study  entitled 
"Economic  Impact  of  the  Tobacco  Industry  in  Canada"  which  gives  a complete  picture 
of  the  economic  benefits  of  tobacco  for  the  year  1977.  It  was  estimated  that  there 
was  a total  consumer  expenditure  (a  measure  of  total  economic  benefit)  of  $2.6 
billion  dollars  on  tobacco  and  smoking  materials  in  1977.  This  included  $841 
million  dollars  in  federal  taxes  and  $504  million  dollars  in  provincial  taxes.  In 
terms  of  1980  dollars,  the  total  economic  benefit  of  tobacco  was  estimated  to  be 
$3.3  billion  dollars  of  which  tax  revenues  are  estimated  to  have  grown  to  $934 
million  dollars  for  the  federal  government  and  $710  million  dollars  for  provincial 
governments.  In  1979,  there  were  about  18,000  man-year  in  tobacco  growing  and 
manufacturing  industries.  The  economic  activity  related  to  tobacco  accounts  for 
1.25o  of  the  Gross  National  Product. 

Estimates  of  the  costs  of  tobacco  are  not  as  complete  because  of  the  diffi- 
culties involved  in  attributing  the  harmful  conseguences  of  smoking  to  various 
categories  of  expenditure.  Nevertheless,  Shillington  (1977)  has  prepared  partial 
estimates  of  costs  of  cigarette  smoking  in  Canada  for  1971.  His  result,  presented 
in  Table  4.5,  shows  a total  cost  of  $500  million  dollars  in  1971.  In  1981  dollars, 
this  sum  would  be  $1.2  billion  dollars.  However,  it  is  important  to  note  that  these 
estimates  do  not  include  pharmaceutical  costs  associated  with  the  smoker's  ill 
health,  the  costs  of  treating  smoking-related  illnesses  or  the  costs  of  forest  fires 
started  by  smoking.  Many  other  economic  factors  are  also  excluded  from  these  esti- 
mates, such  as  the  costs  of  air  conditioning  and  cleaning  necessitated  by  smoking, 
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Table  4.5.  Selected  economic  consequences  of  cigarette  smoking  by  disease  process 
Canada,  1971 


Morbidity 

Physician 

services 

Hospital 

costs 

Mortality 

Fire 

Total 

cost 

Thousands  of  dollars 

Lung  cancer 

M 

943 

10,539 

60,944 

72,426 

F 

55 

672 

3,725 

4,452 

T 

998 

11,211 

64,669 

76,878 

Coronary 

M 

2,323 

20,036 

173,983 

196,342 

heart  disease 

F 

498 

5,846 

9,494 

15,838 

T 

2,821 

25,882 

183,477 

212,180 

Bronchitis 

M 

659 

5,816 

6,903 

13,378 

F 

130 

1,358 

729 

2,217 

T 

789 

7,174 

7,632 

15,595 

Emphysema 

M 

756 

5,705 

8,504 

14,965 

* 

F 

79 

676 

951 

1,706 

T 

835 

6,381 

9,455 

16,671 

Non-specific 

M 

112,378 

3,109 

115,487 

F 

52,158 

1,510 

53,668 

NA 

15,800 

15,800 

T 

164,536 

20,419 

184,955 

Total 

M 

112,378 

4,681 

42,096 

250,334 

3,109 

412,598 

F 

52,158 

762 

8,552 

14,899 

1,510 

77,881 

NA 

15,800 

15,800 

T 

164,536 

5,443 

50,648 

265,233 

20,419 

506,279 

Source:  Shillington  (1977) 


costs  of  passive  smoking,  and  the  costs  of  property  damage  caused  by  smoking.  Were 
it  possible  to  produce  estimates  for  these  items,  the  economic  costs  of  smoking 
would  be  very  much  higher. 

Consumer  expenditures  on  tobacco  and  smoking  supplies  have  been  described  as 
"benefits"  while  health  expenditures  for  the  treatment  of  smoking-related  diseases 
are  "costs".  To  put  these  figures  in  perspective,  it  is  important  to  realize  that 
the  definition  of  costs  and  benefits  depends  on  where  one  stands.  One  person's  cost 
is  another  person's  benefit.  A citizen  concerned  about  the  health  effects  would 
regard  the  $3.3  billion  dollars  generated  by  the  tobacco  industry  as  an  extra  cost 
in  addition  to  the  costs  associated  with  premature  death  and  illness  for  smoking- 
related  causes.  He  would  view  it  as  $3.3  billion  dollars  worth  of  economic  energy 
used  to  produce  mass  poisoning  and  slow-motion  suicide.  Surely,  our  concerned 
citizen  would  argue,  this  $3.3  billion  dollars  could  be  employed  more  beneficially! 

A cynic,  on  the  other  hand,  could  argue  that  tobacco  produces  nothing  but 
economic  benefits  for  society.  In  addition  to  the  $3.3  billion  dollars  and  18,000 
jobs  in  the  tobacco  industry,  tobacco  also  provides  a number  of  benefits  to  the 
health  industry  by  generating  at  least  $1.2  billion  dollars  from  the  treatment  of 
smoking-related  illnesses.  Another  argument  put  forward  is  that  by  reducing  life 
expectancy,  the  cost  to  society  of  pension  benefits,  homes  for  the  aged,  etc.  is 
reduced. 

While  concerned  citizens  and  cynics  debate  the  economic  costs  and  benefits  of 
tobacco,  one  unfalterable  fact  remains.  Tobacco  is  reponsible  for  more  death, 
illness  and  disability  in  Canada  than  any  other  single  substance. 
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4.5  WHY  DO  PEOPLE  SMOKE? 

The  information  on  the  risks  and  costs  of  smoking  is  well  known.  A recent 
public  opinion  survey  estimated  that  83%  of  Canadians  believed  smoking  to  be 
hazardous  to  health.  While  a slightly  larger  proportion  of  smokers  than  non-smokers 
believed  smoking  to  be  hazardous,  fully  three-quarters  of  the  smokers  were  of  this 
opinion.  In  spite  of  the  serious  risks  of  smoking  and  in  spite  of  the  widespread 
knowledge  of  these  risks,  people  continue  to  smoke  (Gallup  1979). 

Clearly,  smokers  perceive  important  benefits  from  smoking  that  sustain  their 
habits  (Russel  1977;  Marsner  1977;  Harris  1978).  Typically,  the  habit  is  acquired 
under  conditions  of  social  reinforcement,  including  peer  pressure  and  following  the 
example  of  parents  or  other  adult  models.  Once  established,  smoking  provides  a 
number  of  rewards  to  the  smoker,  that  add  up  to  a complex  combination  of  stimulant 
and  depressant  effects.  Smokers  report  that  these  include  a sense  of  increased 
energy  or  stimulation,  the  satisfaction  derived  from  handling  and  manipulating 
cigarettes,  a sense  of  pleasurable  relaxation,  help  in  coping  with  stress  and 
tension,  satisfying  psychological  and  pharmacological  cravings  for  cigarettes  and 
smoking  out  of  habit,  with  little  conscious  awareness  of  the  fact. 

Once  smoking  behaviour  is  learned,  it  is  difficult  to  modify  because  of  its 
ability  to  provide  immediate  reinforcement  - nicotine  from  an  inhaled  cigarette 
reaches  the  brain  in  seven  seconds  (twice  as  fast  as  intravenous  administration). 
Furthermore,  the  habit  is  tremendously  overlearned:  at  ten  puffs  per  cigarette,  the 
pack-a-day  smoker  gets  more  that  70,000  nicotine  "hits"  in  a year  - a frequency 
which  is  unmatched  by  any  other  form  of  drug  taking. 

Smokers  perceive  that  smoking  gives  them  a socially  acceptable  means  of  coping 
with  a difficult  and  demanding  world.  While  smoking  is  bad,  many  smokers  perceive 
that  not  smoking  is  worse.  Knowledge  that  this  perception  is  erroneous  does  not 
necessarily  change  it. 


4.6  RESPONDING  TO  THE  RISKS 

"We  are  going  to  double  our  exports  (of  tobacco)  to 
Southeast  Asia  - a gold  mine  - and  push  leaf  exports 
up  to  400,000  pounds.  It's  a great  area.  There  are 
no  non-smoking  qroups  and  nobody  from  Government  is 
telling  the  Asians  not  to  smoke." 

Ted  Raytrowsky,  Chairman, 

Ontario  Flue-Cured  Tobacco  Growers' 

Marketing  Board  1980 

Reaction  to  the  scientific  evidence  of  the  hazards  of  smoking  has  been  mixed. 
Governments  have  had  some  success  in  reducing  the  hazards  of  smoking  through  pro- 
motion and  education  programs.  At  the  same  time,  however,  governments  actively 
support  tobacpo  agricultural  research  and  realize  around  $2  billion  dollars  annually 
in  tax  revenues  from  tobacco.  The  tobacco  industry  has  tried  to  render  its  products 
less  hazardous,  while  vigorously  defending  tobacco  growing  and  manufacturing  as 
legitimate,  viable  industries.  Voluntary  health  agencies  have  carried  out  promo- 
tion, education  and  smoking  cessation  programs  as  well  as  political  lobbying  at  all 
levels  of  government.  Some  of  these  agencies  have  paid  particular  attention  to  the 
protection  of  non-smokers  from  tobacco  smoke.  These  actions  of  different  groups  in 
society  have  been  at  cross-purposes,  resulting  in  no  clear  message  about  the 
unacceptability  of  smoking  reaching  the  public  at  large.  Let  us  look  at  these 
responses  of  various  societal  institutions  in  more  detail. 


GOVERNMENTS 

The  only  federal  legislation  pertaining  to  the  use  of  tobacco  in  Canada  is  the 
Tobacco  Restraint  Act  which  dates  from  1908  and  prohibits  the  sale  or  possession  of 
tobacco  products  by  anyone  under  age  16.  This  law,  however,  is  rarely  enforced. 
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The  Government  of  Canada  first  responded  to  the  mounting  scientific  evidence 
on  the  risks  of  smoking  by  convening  the  first  Canadian  Conference  on  Smoking  and 
Health  in  1963.  In  1964  the  federal  government  created  a Smoking  and  Health  Program 
to  produce  educational  materials  and  to  fund  smoking  research. 

In  1969,  the  Parliamentary  Standing  Committee  on  Health,  Welfare  and  Social 
Affairs  presented  a report  on  tobacco  smoking  to  the  House  of  Commons.  The  Minister 
of  National  Health  and  Welfare,  John  Munro,  followed  up  by  introducing  in  first 
reading  a "Cigarette  Products  Act"  in  June,  1971.  However,  the  tobacco 
manufacturers  responded  quickly  by  voluntarily  commiting  themselves  to  an  industry- 
wide "Cigarette  Advertising  Code"  which  took  effect  January  1,  1972.  Subsequently, 
the  Cigarette  Products  Act  died  on  the  Parliamentary  Order  paper  and  was  never  re- 
introduced (Health  and  Welfare  Canada  1977). 

Since  that  time  private  members'  bills  have  been  introduced  in  1973,  1974, 
1976  and  1977  to  control  smoking  in  public  transit.  None  of  these  bills  was  ever 
passed. 


In  1980  the  Canadian  Council  on  Smoking  and  Health  presented  model  legislation 
to  the  Minister  of  National  Health  and  Welfare  covering  smoking  and  non-smoking  in 
federal  workplaces  and  public  transit.  The  Minister  has  indicated  that  she  is 
pursuing  a combination  of  administrative  and  legislative  strategies  to  respond  to 
the  points  raised  in  the  CCSH  draft  legislation. 

Recently,  a number  of  Canadian  municipalities  including  Toronto,  Ottawa, 
Hamilton,  Halifax  and  Regina  have  passed  by-laws  covering  smoking  and  non-smoking 
establishments  under  municipal  jurisdiction. 

Since  the  risks  of  smoking  became  generally  recognized  in  the  1960's,  federal 
and  provincial  governments  have  continuously  produced  educational  materials  and 
funded  smoking  research.  Early  attempts  to  control  the  marketing  of  cigarettes 
through  legislation  were  not  successful.  More  recently,  however,  there  has  been 
some  success  in  developing  regulations  and  by-laws  to  protect  non-smokers  from  the 
nuisance  and  hazards  of  tobacco  smoke.  Most  of  this  regulatory  activity  is 
occurring  at  the  municipal  level. 

Programs  to  decrease  the  risks  of  smoking  are  being  carried  out  in  the  Depart- 
ment of  National  Health  and  Welfare.  At  the  same  time,  however,  the  federal  govern- 
ment, through  the  Department  of  Agriculture,  funds  tobacco  agricultural  research  at 
its  agricultural  research  station  in  Delhi,  Ontario.  Some  of  this  research  has  the 
goal  of  developing  strains  of  tobacco  that  will  be  less  hazardous  to  health. 
However,  other  research  projects  involve  developing  strains  of  tobacco  that  are 
higher  in  nicotine  content  and  thus  more  acceptable  to  some  international  buyers. 
In  general,  the  tobacco  research  program  at  Delhi  is  designed  to  assist  tobacco 
farmers  to  increase  their  productivity  and  the  return  on  their  investment.  At  the 
international  level,  the  same  dilemma  faces  the  FAO  in  Rome. 

As  noted  earlier,  governments  also  realize  a very  substantial  amount  of 
revenue  from  tobacco  taxes.  In  1977  the  federal  government  collected  $841  million 
dollars  in  revenue  from  tobacco  and  the  provincial  governments  took  in  $504  million 
dollars  from  the  same  sources.  Fifty-two  cents  of  every  retail  dollar  spent  on 
tobacco  is  tax. 

While  governments  seek  to  control  tobacco  use  through  their  health  policies, 
they  appear  to  condone  its  use  through  their  agricultural  and  revenue  policies. 


TOBACCO  INDUSTRY 

The  tobacco  industry  has  been  clearly  threatened  by  the  general  acceptance  of 
scientific  evidence  showing  smoking  to  be  a hazard  to  health.  The  industry  has 
tried  a number  of  responses  to  this  threat  and  the  various  attempts  have  met  with 
varying  degrees  of  succes. 
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CHALLENGING  THE  SCIENTIFIC  EVIDENCE 

In  the  1960's  and  early  1970's,  the  tobacco  industry  frequently  challenged 
scientific  evidence  on  the  risks  to  health.  As  time  passes  and  the  evidence  on  the 
risks  of  smoking  accumulates,  this  strategy  becomes  less  effective.  Challenges  to 
scientific  evidence  were  not  effective  when  presented  before  a Parliamentary 
Committee  (Isabelle  1970),  as  shown  by  the  following  excerpt  from  the  committee: 

(d)  Weighing  of  the  Evidence 

One  of  the  most  common  comments  especially  perhaps,  by  witnesses  who 
appeared  at  the  request  of  the  Canadian  tobacco  industry  was  that 
one  could  not  say  how  lung  cancer,  chronic  bronchitis,  emphysema  and 
coronary  heart  disease  were  produced  and  that  one  could  not  explain 
the  epidemiological  associations  between  cigarette  smoking  and 
various  diseases  until  further  research  uncovered  mechanisms  of 
disease  production. 

While  such  scientific  integrity  is  to  be  commended  the  Committee  is 
of  the  opinion  that  one  cannot  postpone  action  for  decades  or  even 
centuries  while  every  last  detail  of  every  condition  linked  to 
smoking  is  fully  explained!  Further,  in  the  Committee's  view, 
Parliament  need  not  be  concerned  with  the  clinical  details  of  the 
various  diseases  associated  with  smoking.  The  Committee  has  satis- 
fied itself  that  cigarette  smokers  have  a higher  incidence  of 
disease,  disability  and  death  because  they  smoke.  Despite  rationa- 
lizations and  speculation  as  to  possible  explanations,  no  evidence 
has  been  brought  to  the  Committee  to  make  it  doubt  the  significance 
of  the  overwhelming  and  converging  evidence  from  the  many  hundreds 
of  studies  carried  out  in  different  ways  in  different  parts  of  the 
world  that  cigarette  smoking  is  a serious  health  hazard. The  onus 
would  appear  to  be  on  those  who  seriously  doubt  this  conclusion  to 
refute  it  with  consistent  and  solid  evidence  derived  from  research, 
not  criticism  and  speculation.  In  the  committee's  view  such  evi- 
dence does  not  appear  to  exist  and  since  it  has  not  been  brought 
forward,  there  is  no  basis  for  a controversy  as  some  would  suggest. 

To  delay  corrective  action  to  await  such  evidence  would  be  contrary 
to  the  public  interest. 

VOLUNTARY  REGULATION 

When  faced  with  possible  federal  legislation  and  regulation  of  the  tobacco  in- 
dustry in  1971,  industry  representatives  successfully  defused  the  threat  by  propo- 
sing voluntary  advertising  and  promotion  guidelines  that  included  complete  with- 
drawal of  cigarette  advertising  from  radio  and  television.  These  voluntary  guide- 
lines were  revised  and  broadened  in  1976.  The  industry  continues  to  practice  effec- 
tive self-regulation. 

DEVELOPING  NEW  MARKETS 

While  the  prevalence  of  tobacco  use  in  most  industrialized  countries  has  re- 
mained stable  or  declined,  its  popularity  in  developing  countries  has  increased  dra- 
matically (Muller  1978).  This  is  due  in  no  small  measure  to  aggressive  marketing  of 
tobacco  in  these  countries.  Some  of  this  aggressive  marketing  originates  in  Canada, 
as  illustrated  by  the  quotation  from  Mr.  Raytrowsky,  cited  at  the  beginning  of  this 
section.  Exports  of  Canadian  tobacco  have  increased  rapidly  in  recent  years  and  now 
account  for  about  40%  of  the  total  Canadian  tobacco  leaf  sales. 

PRODUCT  MODIFICATION 

In  the  1950's,  very  few  cigarettes  were  sold  with  filter  tips.  In  the  1960's 
many  more  filter-tipped  cigarettes  were  marketed  and  they  now  dominate  the  market. 
More  recently,  companies  have  been  making  more  cigarettes  available  that  are  low  in 
tar  and  nicotine.  In  1973  only  five  brands  were  available  in  Canada  that  delivered 
less  than  ten  milligrams  of  tar  per  cigarette.  By  1980,  27  such  brands  were 
available. 
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VOLUNTARY  AGENCIES 

A number  of  voluntary  agencies  have  for  many  years  sponsored  research,  infor- 
mation and  education  programs  concerning  the  risks  of  smoking.  Following  the  1963 
conference  on  "Smoking  and  Health",  a number  of  these  agencies  banded  together  as 
the  Technical  Advisory  Committee  on  Health  and  Education  Concerning  Smoking  and 
Health.  This  Committee  was  replaced  in  1974  by  a permanent  interagency  group,  the 
Canadian  Council  on  Smoking  and  Health  (CCSH)  (Delarue  1974).  The  Council  is  an  um- 
brella group  for  twenty-two  member  agencies  and  affiliates.  By  pooling  efforts  of  a 
number  of  agencies,  the  CCSH  is  able  to  give  further  voice  to  messages  about  the 
risks  of  tobacco  smoking.  An  eloquent  demonstration  of  this  new-found  effectiveness 
was  the  submission  by  the  CCSH  of  draft  legislation  entitled  "The  Non-Smokers' 
Relief  Act"  to  the  Minister  of  National  Health  and  Welfare  in  1980  (CCSH  1980). 

In  response  to  new  scientific  information  about  the  risks  of  smoking,  govern- 
ments and  voluntary  agencies  have  stepped  up  their  efforts  with  regard  to  research, 
promotion  and  education.  The  tobacco  industry,  on  the  other  hand,  first  tried  to 
challenge  the  scientific  evidence  and  then  sought  to  develop  new  markets  and  new 
low-tar  low-nicotine  products.  In  short,  the  response  of  large  societal  institu- 
tions has  been  mixed. 

CHANGES  IN  SMOKING  BEHAVIOUR 

"Tobacco,  divine,  rare,  superexcellent  tobacco,  which 
goes  far  beyond  all  the  panaceas,  potable  gold,  and 
philosopher's  stones,  a sovereign  remedy  to  all  disea- 
ses...but  as  it  is  commonly  abused  by  most  men,  which 
take  it  as  tinkers  do  ale,  'tis  a plague,  a mischief, 
a violent  purger  of  goods,  lands,  health,  hellish, 
devilish  and  damned  tobacco,  the  ruin  and  overthrow  of 
body  and  soul." 

Robert  Burton  (1577-1640) 

How  has  the  public  at  large  reacted  to  the  growing  evidence  of  the  hazards  of 
smoking  and  the  subsequent  mixed  response  of  large  institutions?  The  public  reac- 
tion is  best  judged  by  changes  in  smoking  behaviour. 

National  smoking  surveys  have  been  conducted  periodically  since  1965  (Wheatley 

1980) .  These  show  that  there  has  been  a steady  decrease  in  the  proportion  of  men 
and  women  that  smoke  cigarettes  regularly  (see  Fig.  4.1).,  The  decline  has  been  much 
more  dramatic  for  men  than  for  women.  While  the  general  decline  in  prevalence  of 
regular  cigarette  smoking  are  encouraging,  they  belie  the  existence  of  some  more 
specific  trends  that  are  worrisome.  Figure  4.2  shows  that  the  prevalence  of  regular 
cigarette  smoking  among  teenage  boys  has  declined  modestly  while  it  actually  increa- 
sed rapidly  for  teenage  girls  from  1966-1972  and  has  decreased  only  slightly  since 
that  time.  The  general  decline  in  smoking  prevalence  that  has  occurred  since  1965 
is  due  mainly  to  the  fact  that  large  numbers  of  middle  aged  men  have  quit  smoking. 
However,  their  exit  from  the  ranks  of  regular  smokers  has  been  partially  counter- 
balanced by  the  entry  of  large  numbers  of  teenagers. 

Another  worrisome  trend  is  that  the  survey  results  have  become  progressively 
more  unreliable  over  time.  Thompson  (1978)  has  reported  that  in  the  Smoking  Habits 
of  Canadians  survey,  the  underestimation  of  cigarette  consumption  increased  from  27% 
in  1966  to  30%  in  1975.  Results  of  the  1978-1979  Canada  Health  Survey  confirmed 
this  underestimation  and  also  pointed  out  that  there  was  considerable  under- 
reporting of  prevalence  of  smoking,  particularly  for  teenagers  (Stephens  et_  jd. 

1981) .  The  increased  under-reporting  of  smoking  and  tobacco  consumption  certainly 
lessen  the  magnitude  of  the  decline  in  smoking  prevalence  that  is  shown  in  Fig.  4.1. 

Another  way  to  examine  changes  in  smoking  behaviour  is  by  examining  trends  in 
tobacco  and  cigarette  sales  per  capita  over  time.  Figure  4.3  shows  changes  in 
cigarette  consumption  per  adult  and  per  adult  regular  cigarette  smoker  from  1965  to 
1980.  This  graph  clearly  shows  that  per  capita  and  per  smoker  cigarette  consumption 
have  generally  increased  since  1965.  The  actual  increase  in  per  smoker  cigarette 
consumption  may  be  less  than  shown  here,  to  the  extent  that  survey  data  under- 
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estimate  the  number  of  smokers  in  the  population.  Nevertheless,  both  per  capita  and 
per  smoker  cigarette  consumption  have  increased  at  the  same  time  as  the  percentage 
of  smokers  in  the  population  has  decreased.  It  is,  therefore,  likely  that  fewer 
smokers  are  smoking  more  cigarettes. 


Fig.  4.1  Percentage  of  regular  cigarette  smokers  aged  15  and  over,  by  sex,  Canada, 
1966-1979.  Source:  Wheatley  (1980) 
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Fig.  4.2  Percentage  of  regular  cigarette  smokers  aged  15  to  19,  by  sex,  Canada, 
1966-1979.  Source:  Wheatley  (1980) 


4.7  DISCUSSION 

"We  have  seen  the  enemy  and  he  is  us." 

P0G0 

Many  would  argue  that  smoking  is  the  country's  most  important  risk  to  health. 
Despite  the  weight  of  scientific  evidence,  6.5  million  people  continue  to  smoke. 
The  risks  of  smoking  were  not  generally  recognized  in  the  scientific  community  until 
the  smoking  habit  became  very  widespread.  This  fact,  together  with  the  addictive 
nature  of  cigarette  smoking,  would  have  made  the  reduction  or  elimination  of  expo 
sure  to  this  risk  difficult  in  the  best  of  circumstances.  Yet  exposure  to  the  risk 
has  not  been  eliminated,  nor  has  it  been  reduced  as  much  as  one  might  have  hoped. 

While  many  factors  have  undoubtedly  contributed  to  the  less  than  overwhelming 
success  of  smoking  risk  reduction  efforts,  the  argument  offered  here  is  that  one  of 
these  factors  has  been  a lack  of  congruence  in  the  messages  about  smoking  that  have 
been  offered  by  major  societal  institutions. 
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Per  capita  daily  Per  smoker  daily 

consumption  consumption 


Fig.  4.3  Number  of  sigarettes  consumed ^ daily  per  person  15  years  of  age  and  over 
and  per  daily  smoker  15  years  of  age  and  over,  Canada  1965-1980 
^The  number  of  hand-rolled  cigarettes  consumed  was  estimated  by  using  the  conversion 
factor  of  453.5  cigarettes  per  pound. 

Sources:  Statistics  Canada  (1981);  Health  and  Welfare  Canada  (1975;  1980) 


Government  and  voluntary  agencies  have  offered  programs  of  research,  promotion 
and  education  in  efforts  to  eliminate  or  reduce  both  the  number  of  smokers  and  the 
risks  to  health  encountered  by  those  who  continue  to  smoke.  At  the  same  time, 
however,  governments  encourage  tobacco  growing  and  collect  $2  billion  dollars  per 
year  from  tobacco  taxes.  The  tobacco  industry  has  sought  to  maintain  sales  through 
challenging  the  scientific  evidence,  voluntary  regulation,  developing  new  markets 
and  product  modification. 
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These  mixed  responses  to  the  scientific  evidence  about  the  hazards  of  smoking 
are  mirrored  in  the  mixed  changes  that  have  taken  place  in  the  smoking  habits  of 
Canadians.  On  the  one  hand,  the  proportion  of  smokers  in  the  population  declined 
from  1965-1980.  On  the  other  hand,  the  proportion  of  women  smokers  changed  hardly 
at  all  and  the  proportion  of  smokers  among  women  aged  15-19  actually  increased.  As 
well,  the  number  of  cigarettes  per  capita  and  per  smoker  both  increased  from  1965- 
1980. 


Is  the  lack  of  congruence  in  the  societal  responses  to  proven  hazards  of  smo- 
king related  to  the  incongruencies  in  the  various  trends  of  cigarette  consumption? 
If  so,  then  attention  should  be  directed  towards  increasing  the  congruence  of  the 
messages  reaching  the  public  at  large  about  the  hazards  of  smoking.  While  it  is  not 
reasonable  to  suppose  that  tobacco  manufacturers  will  immediately  cease  production 
in  the  interests  of  congruency,  many  practical  things  can  be  done.  Increased  regu- 
lation of  smoking  and  non-smoking  in  workplaces  and  public  buildings  would  reflect 
the  growing  social  unacceptability  of  smoking.  Availability  and  promotion  of 
tobacco  products  could  be  curtailed  somewhat  at  the  same  time  as  programs  were 
undertaken  to  discourage  young  people  from  starting  to  smoke  and  to  assist  smokers 
in  quitting  smoking  and  reducing  the  hazards  to  which  they  are  exposed. 

When  these  and  related  steps  are  taken  to  increase  congruence  in  society's 
approach  to  the  risks  of  smoking,  real  progress  in  risk  reduction  may  well  be 
achieved. 
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CASE  STUDY  No.  5 

SMELTER  EMISSIONS  AS  AN  ENVIRONMENTAL  HAZARD  IN  SUDBURY,  ONTARIO 
Roger  M.  Cox 

Institute  for  Environmental  Studies, 

University  of  Toronto 


5.1  INTRODUCTION 

The  nickel  industry  in  the  Sudbury  area  is  an  important  economic  resource  for 
the  area,  for  the  province  and  for  Canada  and  must  be  balanced  against  the 
occupational  risks  to  the  miners,  and  the  environmental  risks  to  the  community. 
Economic  benefits  such  as  increased  employment  can  easily  be  calculated  but  environ- 
mental dis-benefits  are  uncertain  and  freguently  cannot  be  guantified. 

In  this  case  study,  a brief  history  of  the  smelting  industry  at  Sudbury  is 
given,  followed  by  a description  of  the  attempts  that  have  been  made  over  the  years 
to  reduce  the  environmental  hazards.  It  is  no  exaggeration  to  state  that  the  375  m 
superstack  built  in  1972  has  greatly  reduced  the  number  of  air  pollution  episodes  in 
Sudbury,  although  there  is  a residue  of  environmental  damage,  including  heavy  metal 
deposition  and  acidified  lakes,  which  is  the  result  of  environmental  impacts  dating 
back  over  80  years. 


5.2  HISTORY  OF  SMELTING  AT  SUDBURY 

Smelting  operations  were  begun  in  the  Sudbury  region,  Ontario,  at  Copper  Cliff 
in  1888  by  the  Canadian  Copper  Company  shortly  after  the  discovery  of  the  massive 
nickel-copper  deposits  by  Canadian  Pacific  Railway  workers  in  1883.  By  1890,  over 
72,664  tonnes(E)  of  ore  were  being  processed  each  year.  The  rapid  growth  of  the 
smelting  industry  is  well  illustrated  by  the  production  figures.  Total  production 
at  Copper  Cliff  for  the  period  1887  to  1902  was  1,606,809  t of  ore  containing  47,077 
and  40,953  t of  nickel  and  copper  respectively  and  for  the  period  1903  to  1915, 
6,131,511  t of  ore  were  processed  to  produce  241,151  and  108,320  t of  nickel  and 
copper  (Holloway,  1917). 

The  practice  of  open  heap  roasting  of  sulphide  ore  that  started  in  1888  and 
the  unsophisticated  plant  used  in  the  late  1800's  and  early  1900's  together  with  the 
greatly  increased  incidence  of  forest  fires  and  extensive  logging  was  having  a 
severe  impact  on  the  Sudbury  environment  by  1916.  An  early  traveller  to  the  area 
was  reported  to  have  said: 

"A  more  desolate  scene  can  hardly  be  imagined  than 
the  fine  white  clay  or  silt  of  the  flats  through 
which  protrude,  at  intervals,  rough  rocky  hills, 
with  no  trees  or  even  a blade  of  grass  to  break  the 
monotony." 


(guoted  in  Swift,  1977) 

At  this  time,  a group  of  farmers  in  the  vicinity  of  the  Copper  Cliff  roast 
yard  whose  crops  had  been  ruined  year  after  year,  sent  a deputation  to  the  Sudbury 
Board  of  Trade  and  a number  of  law  suits  were  initiated  against  the  smelting  company 
until  the  Damage  by  Fumes  Arbitration  Act  was  passed  in  1921.  This  Act  was  preceded 
by  an  offer  by  the  company  to  arbitate  disputes  in  1915.  The  increased  SO2  and  dust 
in  the  atmosphere  around  Copper  Cliff  and  the  extensive  damage  to  vegetation  promp- 
ted the  government  to  insist  that  heap  roasting  at  Copper  Cliff  cease,  although  it 
was  permitted  to  continue  in  areas  removed  from  farming  operations.  Finally,  the 
losses  of  valuable  nickel  and  copper  by  leaching  and  the  desirability  of  conserving 
the  SO2  for  sulphuric  acid  production,  which  started  in  1925,  put  an  end  to  heap 
roasting.  In  1929,  the  last  roast  yard  near  the  Vermillion  River  was  closed  and 
roasting  was  transferred  to  new  smelter  facilities  at  Copper  Cliff  equipped  with  its 
152  m stack,  the  tallest  in  the  British  Empire  at  that  time. 
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This  new  facility  was  part  of  a $50,000,000  expansion,  partly  financed  by  the 
Province  of  Ontario.  Expansion  of  the  facilities  of  the  Falconbridge  smelter  to  the 
northeast  took  place  in  1930,  one  year  after  the  formation  of  Falconbridge  Nickel 
Mines  Limited.  These  developments  brought  prosperity  to  the  area  and  took  up  most 
of  the  unemployed  workers.  In  1930,  Sudbury  was  raised  in  status  to  a city  with  a 
population  in  excess  of  20,000.  By  1936,  the  Copper  Cliff  plant  reached  new  heights 
of  production  and  processed  11,176  t of  ore  daily,  with  a concomitant  increase  in 
SO2  and  dust  damage  to  vegetation.  This  situation  was  somewhat  alleviated  locally 
in  1936  by  the  erection  of  another  152  m stack  to  serve  the  copper  section  of  the 
smelter.  With  the  outbreak  of  World  War  II  in  1939,  a doubling  of  production  took 
place,  pollution  control  took  a back  seat,  and  damage  to  the  environment  increased 
(Winterhalder,  1978).  Following  World  War  II,  there  was  a local  feeling  that  resi- 
dents of  a city  the  size  of  Sudbury  should  be  entitled  to  the  environmental  ameni- 
ties common  to  other  cities  of  similar  size.  This  discontent  was  reflected  in  the 
level  of  compensation  paid  by  INC0  in  smoke  damage  claims  which  amounted  to  $50,000 
yearly  at  that  time  (INC0,  1970). 

A trend  towards  taller  stacks  had  developed  with  the  replacement  of  the  Conis- 
ton  smelter  stacks  with  twin  120  m stacks  in  1954.  In  1956,  the  INC0  iron  ore  reco- 
very plant  near  Copper  Cliff  commenced  operation  with  a 194  m stack  and  dust  collec- 
tion devices  on  all  tail  gases  which  reduced  particulate  emissions.  It  was  associa- 
ted with  a new  acid  plant  with  a capacity  of  1,422  t of  sulphuric  acid  per  day.  The 
trend  for  taller  stacks  culminated  in  the  building  of  the  381  m INC0  superstack 
completed  in  1972.  In  1972,  following  the  implementation  of  the  Environmental 
Protection  Act  of  1971,  the  Coniston  smelter  and  the  uneconomic  Falconbridge 
pyrrhotite  roasting  plant  were  closed.  These  closures  were  accompanied  by  a cutback 
of  emissions  from  the  INC0  iron  ore  recovery  plant  to  227  t of  SO2  a day  as  required 
under  new  control  orders  issued  under  the  Environmental  Protection  Act.  By  1972, 
SO2  emissions  from  INCO's  operation  were  reduced  from  1.9  X 10^  to  1.2  X 10^  t a 
year  and  from  the  Falconbridge  operations  from  3.1  X 10^  to  2.3  X 10^  t.  These 
measures  combined  with  better  dispersion  from  the  superstack  were  followed  by  a 
noticeable  increase  in  plant  growth  in  the  area  especially  in  a few  grass  species 
which  had  colonized  large  areas  of  the  industrial  barrens  near  the  smelters  by  1976 
(Cox  and  Hutchinson  1979). 


5.3  SUDBURV's  SEVERE  POLLUTION  PROBLEM 
AND  AN  APPARENT  CHANGE  IN  ATTITUDE  OF  THE  ONTARIO  GOVERNMENT 

In  1916,  the  Ontario  Government  began  to  recognize  the  damage  from  smelter 
emissions  but  did  not  do  anything  to  reduce  them.  Rather  it  moved,  upon  INCO's 
request,  to  withdraw  twelve  remaining  townships  previously  open  for  settlement  to 
relocate  the  roast  yards  in  order  to  protect  the  company  from  payment  of  damages  to 
crops  and  to  free  the  people  of  Sudbury  and  vicinity  from  the  annoyance  then  caused 
by  the  fumes.  The  townships  withdrawn  did  represent  an  accommodation  by  the  govern- 
ment to  corporate  interests;  however,  the  land  withdrawn  was  only  partially  suited 
as  arable  land  being  mostly  rough,  rocky,  and  swampy. 

Another  governmental  action,  made  in  response  to  the  deputation  of  Copper 
Cliff  farmers  in  1916,  was  to  introduce  the  Damage  by  Fumes  Arbitration  Act  in  1921 
and  amendments  to  it  in  1924.  This  legislation,  although  opening  the  way  to  appeal 
to  the  Municipal  Board,  effectively  reduced  common  law  rights  of  land  owners  in  ex- 
change for  compensation  and  allowed  the  Minister  of  Mines  to  overrule  the  arbitrator 
with  no  further  right  to  appeal.  The  Act  was  finally  repealed  in  1970.  However, 
under  the  Ontario  Industrial  Mining  Land  Compensation  Act,  "smoke  easement"  settle- 
ments still  allowed  the  companies  to  make  once  only  payments  for  air  pollution  and 
bound  all  future  owners  and  lessees  of  property  covered  by  the  original  easements. 

The  late  1960's  saw  a large  increase  in  public  awareness  of  environmental 
pollution;  by  the  early  1970's,  such  books  as  A Blueprint  for  Survival  and  The 
Limits  to  Growth  were  bestsellers.  Government  response  to  increasing  concern  was 
reflected  in  the  first  control  orders  to  the  Sudbury  smelting  companies  in  1970 
under  the  Ontario  Air  Pollution  Control  Act  of  1967.  INC0  was  to  reduce  SO2  emis- 
sions from  4,716  tonnes  to  680  tonnes  a day  by  the  end  of  December  1978.  In  1969, 
INC0  announced  plans  for  a new  375  m stack  to  replace  the  existing  three 
stacks.  This  stack  was  equipped  with  Cottrell  dust  collectors  on  all  tail  gases 
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(Freedman  and  Hutchinson,  1980).  The  marked  effect  of  these  measures  on  total  dust 
emitted  from  the  stack  is  seen  in  Figure  5.1,  but,  they  did  not  do  as  much  in  redu- 
cing metal  emissions.  Although  some  decrease  in  total  metal  emissions  occurred,  the 
resulting  dust  emitted  was  expected  to  be  more  acidic  due  to  a reduction  of  particu- 
lates in  the  gas  stream  to  react  with  the  acid  aerosol  (Gormley,  pers.  comm.  1981). 


I960  1970  1980 


Fig.  5.1  Stack  emissions  from  Copper  Cliff  smelter,  Total  dust  losses  (-), 

Nickel  Losses  ( — ),  and  Copper  Losses  (...).  Note  prior  to  1972  Values 
are  Partial  ESP  whereas  after  1972  Values  are  Total  ESP. 

(Courtesy  of  INCO) 


Meanwhile  in  1974,  the  Canadian  Environmental  Law  Association,  not  the  Crown, 
brought  a successful  action  against  INCO  for  pollution  of  the  air.  The  company  was 
convicted  and  was  fined  $1,500.  It  had  taken  58  years  from  those  first  attempts  at 
court  actions  by  the  Copper  Cliff  farmers  to  convict  the  company  of  air  pollution. 
At  this  time,  "from  April  though  September  1974,  there  were  air  pollution  complaints 
registered  on  25  percent  of  the  days  averaging  four  a day  over  the  period"  (Legacy, 
Feb. /Mar.  1975).  Although  the  increased  complaint  rate  may  be  due  to  "increased 
public  education  efforts  of  environmentally  active  groups"  (Legacy,  Feb. /Mar.  1975), 
they  may  be  an  indication  of  the  frequency  of  direct  plume  fumigations  of  people  in 
the  Sudbury  area. 

In  1978,  the  other  Sudbury  region  smelting  complex,  that  of  Falconbridge 
Nickel,  brought  its  new  smelter  into  operation.  This  was  one  of  the  most  advanced 
smelters  of  its  type  and  significantly  reduced  emissions  of  metals  and  SO2;  unfor- 
tunately, the  fumes  are  released  from  Falconbndqe 's  shortest  stack. 
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By  June  1978,  it  was  clear  that  INCO  could  not  meet  the  1970  control  orders. 
The  Government  agreed  to  delay  the  order  until  the  technology  would  allow  such  a cut 
while  operating  on  "an  economically  feasible  basis"  (Globe  and  Mail,  June  25,  1978). 
The  government's  1980  control  orders  limited  ICNO  to  2,268  tonnes  per  working  day  in 
1981  with  a reduction  to  a maximum  of  1,769  tonnes  by  the  end  of  1983.  The 
Opposition's  response  was  that  these  figures  corresponded  to  the  expected  decline  in 
the  nickel  market  and  the  25  percent  drop  caused  by  the  newly  discovered  pyrrhotite 
separation  process  INCO  had  developed. 


5.4  SCIENTIFIC  STUDIES  BY  THE  ONTARIO  GOVERNMENT 

The  first  government  report  documenting  damage  to  vegetation  at  Sudbury  was 
that  of  McCallum  (1944)  who  made  some  field  observations  for  the  Department  of 
Mines.  However,  it  was  not  until  1958  that  the  first  significant  scientific  work  in 
the  area  was  reported  by  Linzon  (1958),  who  continued  the  work  on  SO2  effects  on 
white  pine  initiated  by  the  University  of  Toronto.  Also  in  1958,  a special  Sulphur 
Dioxide  Committee  involving  the  Department  of  Mines  and  the  smelting  companies  was 
convened  to  investigate  SO2  pollution.  With  the  passage  of  the  Ontario  Water 
Resources  Commission  Act  in  1956,  Commission  scientists  also  became  active  in  the 
area.  Their  research  included  a biological  survey  of  streams  and  lakes  in  the 
Sudbury  area  in  1965  which  reported  elemental  analysis  of  heavy  metals  and  gave  an 
early  account  of  the  importance  of  metal  (Cu  and  Ni)  contamination  at  Sudbury 
(Johnson  and  Owen  1966).  It  concluded  that  "high  levels  of  heavy  metal  concentra- 
tions and  low  pH  restricted  the  number  of  taxa  and  bottom  fauna  populations  in 
Sudbury  area  lakes". 

The  Air  Pollution  Control  Act,  passed  in  1967,  was  implemented  in  1968.  This 
initiated  monitoring  of  air  quality  at  Sudbury  by  the  Air  Quality  Branch  of  the 
Department  of  the  Environment,  Ministry  of  Energy  and  Resource  Management.  (This 
Department  became  the  new  Ministry  of  the  Environment  in  1972.)  The  Environmental 
Protection  Act  of  1971  replaced  much  of  the  legislation  of  the  Air  Pollution  Control 
Act  and  new  support  services  were  initiated  in  order  to  carry  out  a more  detailed 
monitorinq  of  the  Sudbury  environment  by  the  Air  Quality  Branch,  notably  by  McGovern 
and  Balsillie  (1972;  1973;  1975).  By  1975,  the  monitoring  included  SO2,  coefficient 
of  haze,  sulphation  rates,  fluoridation  rates,  dust  fall,  total  suspended  particu- 
lates, carbon  monoxide,  total  hydrocarbons,  oxides  of  nitrogen  and  ozone. 

Additional  research  activities  included  the  Sudbury  Environmental  Enhancement 
Program  (a  joint  Ministry  of  Natural  Resources/Laurentian  University  program  started 
in  1978)  and  the  Sudbury  Environmental  Study  (1980)  carried  out  by  the  Ministry  of 
the  Environment. 


5.5  THE  GROWTH  OF  KNOWLEDGE  AND  THE 
EMERGENCE  OF  THE  HEAVY  METAL  PROBLEM  AS  A SEPARATE  ISSUE 

Although  the  pollution  was  obvious  from  before  1916,  it  was  the  effects  of  SO2 
that  were  always  uppermost  in  people's  minds,  whereas  the  concurrent  emissions  of 
heavy  metals  were  largely  ignored.  The  effects  of  SO2  emissions  on  forest  eco- 
systems had  been  well  studied  at  the  lead  smelter  at  Trail,  B.C.  (Katz  1939). 

The  first  work  at  Sudbury  concentrated  on  SO2  effects  on  white  pine  (Linzon 
1958)  and  was  followed  by  the  investigation  carried  out  by  Dreisinger  (1959)  with 
the  Sulphur  Dioxide  Committee.  This  was  followed  by  a joint  study  by  the  University 
of  Toronto  and  the  Department  of  Lands  and  Forests  of  SO2  pollution  near  Falcon- 
bridge  by  Gorham  and  Gordon  (1960).  The  first  research  to  suggest  the  importance  of 
metal  pollution  at  Sudbury  was  the  work  of  Johnson  and  Owen  (1966)  previously  des- 
cribed. This  was  followed  by  the  studies  of  Warren  et  al.  (1971)  and  Whitby  and 
Hutchinson  (1972)  who  were  investigating  the  elevated  levels  of  metals  in  soil  as 
early  as  June  1969.  Other  studies  on  heavy  metals  at  Sudbury  by  university  scien- 
tists included  research  on  metal  uptake  in  lichens  at  different  distances  from  the 
smelters  and  identification  of  point  sources  (Nieboer  et  al.  1972).  Stokes  et  al. 
(1973)  carried  out  work  on  the  metal  tolerance  of  algae  and  Winterhalder  (1974) 
undertook  preliminary  terrestrial  reclamation  studies  while  Hutchinson  et  al.  (1975) 
reported  on  the  widespread  nature  of  metal  pollution  in  the  watershed  of  the  Sudbury 
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basin.  Dreisinger  (1976)  had  reported  results  of  metal  levels  in  soil  and  vegeta- 
tion before  and  after  the  operations  of  the  super  stack  and  documented  the  increased 
area  of  pollution.  Also  at  this  time,  Conroy  et  al.  (1974)  analysed  acid  shield 
lakes  in  the  Sudbury  region.  Fitchko  (1978)  working  on  the  distribution  and  mobil- 
ity of  metals  in  the  eastern  part  of  the  watershed,  traced  the  copper  and  nickel  to 
Georgian  Bay.  In  addition,  Freedman  (1978)  documented  atmospheric  pollution  and  its 
accumulation  in  soils  and  effects  on  litter  breakdown  and  community'  composition  and 
Amiro  (1979)  carried  out  an  extensive  community  analysis  of  the  area.  By  the  late 
1970' s,  the  magnitude  of  the  heavy  metal  contamination  of  the  Sudbury  region  and  its 
watersheds  was  apparent.  The  accumulation  of  nearly  100  years  of  emissions  in  the 
Sudbury  area  soils  is  responsible  for  maintaining  103  km^  of  industrial  barrens  and 
a further  362  km^  of  semi-barren  land  adjacent  to  the  smelters  (Struik  1975). 


5.6  HEAVY  METAL  STUDIES  IN  RELATION  TO  CONTROL  MEASURES  ADOPTED 

Historical  accumulations  of  heavy  metals  at  Sudbury  have  provided  sufficient 
selection  pressure  for  the  evolution  of  multiple  metal  tolerance  in  various  grass 
species  (Hogan  jet_  aj_.  1977;  Cox  and  Hutchinson  1979;  1980).  It  is  the  colonization 
of  the  Sudbury  barrens  by  tolerant  strains  of  Deschampsia  cespitosa  (Tufted  Hair 
Grass),  Agrostis  scabra  (Fire  Grass)  and  Agrostic  gigantea  (Red  Top)  that  accounts 
for  much  of  the  natural  plant  recolonization  of  the  area.  The  rate  of  spread  of 
tu-fted  hair  grass  was  extremely  rapid  especially  around  the  Coniston  smelter  after 
it  was  shut  down  in  1972  but  much  slower  near  the  Copper  Cliff  smelter  (Table  5.1), 
although  facilitated  by  the  superstack  which  decreased  the  number  of  potentially  in- 
jurious S0£  fumigations  locally.  Cox  and  Hutchinson  (1981)  have  suggested  that  the 
slower  spread  of  grass  at  Copper  Cliff  is  due  primarily  to  fugitive  emissions  of 
highly  acidic  and  metal-rich  dust  and  chronic  exposure  to  fugitive  SO2  emissions. 
However,  the  exclusion  from  these  areas  of  vegetation  intolerant  to  metals  suggest 
that  metal  toxicity  in  soil  is  a legacy  that  will  remain  long  after  air  guality  has 
improved  in  the  area.  There  is  no  sign  that  soil  phytotoxicity  (as  judged  by  water 
soluble  metals)  near  the  Coniston  smelter  has  declined  since  the  smelter  closed  down 
nine  years  ago,  even  though  considerable  loss  of  total  metal  by  leaching  and  erosion 
has  occurred  as  seen  from  chemical  analysis  of  soil  profiles  (Figs.  5.2  and  5.3). 
The  loss  of  nickel  and  copper  from  Coniston  still  represents  an  ongoing  source  of 
contamination  of  the  Coniston  drainage  system  described  by  Hutchinson  et  al.  (1975) 
and  Fitchko  (1978). 


Table  5.1  Comparison  of  relative  increase  in  cover^  of  Deschampsia  cestiposa  in 

permanent  plots  close  to  operating  smelters  in  the  Sudbury  region  (sites 
A,  B,  C,  D and  I)  with  sites  in  the  vicinity  of  the  disused  Coniston 
smelter  (sites  E,  F,  G and  H).  Period  of  growth  10,8,77  to  13,6,78. 


Sites  A,  B,  C,  D and  I Sites  E,  F,  G and  H 


Geometric  Mean  Range 

0.99  0.38-1.62 


Geometric  Mean 
1.40 


Range 

1.18-1.60 


Mann  and  Whitney  U test  of  significance  between  means  indicate  significant  diffe- 
rence at  the  5%  level. 

1 relative  increase  in  cover  = 1 + (loge  % cover  for  time2  - Loge  % cover  for  time-|) 


Although  the  measures  adopted  in  1972  by  INC0  have  been  successful  in  reducing 
total  particulate  emissions,  actual  levels  of  metals  emitted  in  particulates  have 
not  decreased  in  the  same  proportion  and  are  likely  to  be  even  more  acidic  (Gormley 
1981,  pers.  comm.).  The  implication  of  the  better  plume  dispersal  characteristics 
of  the  superstack  are  clear.  A study  by  Dreisinger  (1976)  of  the  levels  of  metal  in 
soil  and  vegetation  before  and  after  the  operation  of  the  super  stack  indicate  that 
soils  at  sites  up  to  160  km  from  the  stack  have  increased  in  nickel  and  copper  by  as 
much  as  21%  and  38%  respectively  in  3 years  of  superstack  operation.  This  increase 
was  accompanied  by  only  a small  drop  in  nickel  (6%)  and  an  increase  in  copper  (14%) 
at  sites  within  16.1  km  of  the  stack.  Furthermore,  there  was  evidence  that  copper 
and  nickel  content  of  spruce  needles  (a  non-tolerant  species)  collected  within  16.1 
km  had  increased  since  the  operation  of  the  superstack. 
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Fig.  5.2  The  distribution  of  copper  and  nickel  (total  ug  g-1  dry  soil)  in  the  soil 
profiles  of  D.  cespitosa  populations  in  A)  sites  near  operational  smelters 
(sites  A-D  and  I)  and  B)  sites  at  a distance  but  near  the  disused 
Coniston  smelter  in  1977  (Sites  E-H).  (Standard  errors  are  shown.) 


These  observations  may  indicate  increased  fugitive  emissions  of  collected  par- 
ticulate from  the  dust  collectors  at  the  INCO  plant  and  supports  the  conclusions 
made  about  the  importance  of  the  particulates  on  phytotoxicity  near  the  smelter  (Cox 
and  Hutchinson  1981).  These  indications  of  the  impact  of  Ni/Cu  particulates  to 
plants  may  lead  to  conjecture  as  to  their  effect  on  human  health  close  to  the 
smelter,  especially  when  one  considers  the  acid  nature  of  the  particles  and  the 
solubility  of  the  metal  constituents,  notably  nickel  (Cox  and  Hutchinson  1981). 

The  area  affected  by  metal  deposition  from  Sudbury  seems  open  to  debate. 
Freedman  and  Hutchinson  (1980)  suggest  that  only  40%  of  the  Cu  and  Ni  are  deposited 
within  a 60  km  radius.  Cox  and  Hutchinson  (1981)  have  evidence  that  nickel  is  depo- 
sited over  a wider  area  than  copper  as  was  previously  suggested  by  Kramer  (1973). 
Scheider  et  al.  (1980)  in  a study  of  bulk  deposition  in  Sudbury  and  Muskoka- 
Haliburton,  concluded  that  total  deposition  of  Cu  and  Ni  in  Sudbury  was  among  the 
highest  in  the  world  and  that  INCO  was  the  major  contributor  to  metal  deposition  at 
distances  of  at  least  50  km  from  the  smelter.  However,  there  is  evidence  that  the 
area  of  deposition  may  be  at  least  200  km  (Conroy  et  al.  1974). 

Jeffries  and  Snyder  (1980)  have  shown  that  up  to  72%  of  copper  and  43%  of 
nickel  at  Sudbury  are  dry  deposited.  The  importance  of  dry  deposition  and  the 
difficulties  in  accurately  recording  it  are  discussed  by  Kerr  (1981)  who  has  sugges- 
ted that  up  to  60%  of  sulphate  and  other  pollutants  are  missed  by  conventional  bulk 
collectors  near  Sudbury  as  these  are  inefficient  traps  for  aerosol  (submicron  parti- 
cles or  droplets)  or  SO2.  In  addition,  20%  of  the  acidifying  substances  collected 
at  sites  in  Muskoka-Haliburton  were  present  in  these  inefficient  bulk  collectors  and 
not  in  the  rain  samples.  This  led  to  the  conclusion  that  "significant  amounts  of 
acidifying  substances  and  other  pollutants  reach  the  ground  without  the  aid  of 
precipitation  (acid  rain)  but  most  goes  unrecorded"  (Kerr  1981).  This  may  be  of 
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Fig.  5.3  The  distribution  of  water  soluble  copper  and  nickel  (ug  g^  dry  soil)  in 

the  soil  profiles  of  D^.  cespitosa  population  in  A)  sites  near  operational 
smelters  (sites  A-D  and  I)  and  B)  sites  at  a distance  near  the  disused 
Coniston  smelter  in  1977  (sites  E-H).  (Standard  errors  are  shown.) 


significance  in  long  range  transport  of  sulphur  as  well  as  metals  due  to  the 
decrease  in  average  particle  size  from  the  superstack  {<1.2  microns,  Freedman  and 
Hutchinson  1980). 


The  high  volume  air  sampling  data  collected  by  the  Ministry  of  the  Environment 
from  1977  through  1979  show  that,  during  this  period,  the  total  suspended  particu- 
late (TSP)  at  the  Falconbridge  Post  Office  sampler  was  in  excess  of  the  Ontario  air 
quality  criteria  7.4-10%  of  the  time  sampled  while  the  smelter  was  in  operation.  In 
Sudbury  at  the  Ash  Street  water  tank,  TSP  was  over  the  24  h criteria  0-3.4%  of  the 
time  and  at  Nickel  Street,  Copper  Cliff,  the  criteria  was  exceeded  4. 2-6. 3%  of  the 
time  sampled  while  the  smelter  was  in  operation.  In  addition,  during  this  period, 
the  24  h criteria  for  total  nickel  in  the  air  (2.0  mg/M-^)  was  approached  at  the 
Nickel  Street  station  at  Copper  Cliff  with  a value  of  1.93  mg/M--^.  In  1977,  a maxi- 
mum of  3.44  mg/M--^  total  Ni  was  recorded  at  the  Falconbridge  Post  Office  sampler  on 
February  24.  These  data  suggest  that  given  the  measures  adopted  to  control  atmos- 
pheric pollution  in  the  Sudbury  region  and  the  decrease  in  the  number  of  potentially 
injurious  SO2  fumigations,  the  particulate  emissions,  especially  fugitive  emissions 
may  still  present  a risk  to  both  population  and  the  environment. 
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5.7  SMELTER  PARTICULATES  AND  RISKS  TO  HUMAN  HEALTH 

Analysis  of  stack  dust  from  the  electrostatic  precipitators  at  the  Copper 
Cliff  plant  showed  it  contained  18.7%  sulphur,  9,900  ppm  copper  and  12,400  ppm 
nickel  of  which  95%  and  75%  respectively  were  water  extractable.  The  stack  dust 
when  mixed  with  water  1:1  w/v  has  a pH  of  1.0  (Cox  and  Hutchinson  1981).  The  stack 
dust  is  a source  of  fugitive  dust  emissions  and  consists  of  particles  larger  than 
7.0  microns  in  size  which  are  deposited  in  the  vicinity  of  the  smelters. 

Inhalation  of  nickel  has  been  linked  to  nasal  sinus  cancer  and  malignant 
tumours  of  the  nose  and  lung;  it  also  caused  dysplasia  of  the  nasal  epithelium  and 
respiratory  tract  allergy  (Berlin  1978).  Increases  in  laryngeal,  gastric  and  renal 
cancer  have  also  been  linked  to  nickel  in  refinery  workers  and,  at  present,  nickel 
potential  carcinogenic  risk  appears  to  be  restricted  to  occupational  exposure  and 
carcinogenicity  is  inversely  dependent  on  the  solubility  of  the  compound  in  agueous 
media  (Leonard  1978;  Sunderman  1977).  A comparative  study  of  nickel  in  serum  and 
urine  of  healthy  non-occupational  exposed  hospital  workers  in  Sudbury  and  in 
Hartford,  Connecticut,  where  there  is  no  smelter,  showed  significantly  higher  levels 
of  nickel  in  body  fluids  at  Sudbury  (McNeely  j?t_  1972).  This  study  was  the  first 
direct  evidence  that  measurements  of  this  type  can  serve  as  biological  indices  of 
environmental  exposure  to  nickel.  Furthermore,  nickel  has  been  reported  to  have  the 
ability  to  cross  the  human  placenta  and  have  teratogenic  effects  (Hunt  1975;  quoted 
by  Calabrese  1978).  It  may  be  coincidental  that  the  Sudbury  region  has 
significantly  high  human  mortality  of  the  85  Ontario  districts  (Cherry  and  Forbes 
1975).  Data  from  the  mortality  atlas  of  Canada  (1980)  show  that  in  Sudbury  in  addi- 
tion to  having  significantly  high  mortality  from  all  causes,  diseases  of  the  circu- 
latory system  and  ischemic  heart  disease  shows  other  interesting  statistics. 
Sudbury  has  the  second  highest  mortality  in  Ontario  from  cirrhosis  of  the  liver  (a 
target  organ  for  nickel,  Zeilhuis  1978),  although  drinking  habits  may  be  a contri- 
buting factor.  The  fifth  and  third  highest  mortality  was  also  shown  in  males  and 
females  respectively  for  bronchitis  and  emphysema  together  with  the  sixth  and  third 
highest  mortalities  respectively  for  lung  cancer  in  Ontario. 

Dietary  intake  of  nickel  can  be  expected  to  be  increased  in  the  vicinity  of 
nickel  smelters  and  refineries  due  to  the  consumption  of  home  grown  vegetables  ex- 
posed to  atmospheric  deposition  of  the  metal  (Warren  et_  jjl_.  1971).  Mcllveen  and 
Balsillie  (1977)  have  analysed  nickel  contents  of  edible  portions  of  common  garden 
vegetables  and  found  that  nickel  was  elevated  from  three  to  nine  times  that  of  the 
same  crops  grown  >50  km  from  Sudbury.  In  addition,  Sudbury  had  300  ng/ml  of  nickel 
in  its  drinking  water  (Flora  and  Nieboer  1980),  whereas  some  other  cities  in  the 
United  States  without  a nickel  industry  had  near  5 ng/ml  (Sunderman  et  al.  1975). 

A study  of  271  sinter  plant  workers  at  Copper  Cliff,  traced  from  1948-1968 
showed  a significantly  higher  risk  to  health  due  to  lung  cancer  (P<0.01)  for  Ontario 
males  (DHEW  1977)  with  an  observed-over-expected  ratio  of  10.91.  In  addition,  it 
was  found  that  death  due  to  other  respiratory  diseases  in  Copper  Cliff  workers  was 
also  significantly  elevated  (P<0.05)  in  831  workers  traced  from  1950-1967.  However, 
in  this  case  it  may  be  due  to  chronic  obstructive  lung  disease  caused  by  SO2 
(Ontario  Department  of  Health  1976). 

A study  of  prevalence  of  chronic  respiratory  disease  and  possible  determinants 
in  the  cities  of  Ottawa  and  Sudbury  was  carried  out  by  Neri  (1976).  The  aims  were 
to  quantify  as  far  as  possible  the  relative  importance  of  smoking,  long  residence 
(as  a surrogate  for  air  pollution)  and  occupation  on  the  prevalence  of  respiratory 
symptoms  and  respiratory  impairment  in  Ottawa  and  Sudbury.  The  study  was  conducted 
in  Ottawa  in  the  period  1969-1971  and  in  Sudbury  1972-1973.  This  study  indicated 
high  standardized  mortality  ratios  (short  lives)  in  both  cities  compared  with 
Ontario's  mean  for  all  causes  and  due  to  bronchitis  and  emphysema  and  that  for  the 
latter,  the  ratios  were  consistently  higher  for  Sudbury  for  both  sexes.  The 
prevalence  of  chronic  bronchitis  was  higher  in  Sudbury  than  Ottawa  largely  due  to 
the  increased  prevalence  in  males.  There  was  an  increase  in  prevalence  with  age  in 
both  cities  and  smoking  increased  prevalence  three  times.  In  Sudbury , however,  it 
was  shown  that  an  increase  in  smoking  was  associated  with  higher  prevalences  of 
chronic  bronchitis  than  in  Ottawa  indicating  that  any  amount  of  smoking  is  dangerous 
in  the  presence  of  air  pollutants  or  respiratory  irritants. 
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Furthermore,  there  was  clear  evidence  of  increased  prevalence  in  people  with 
longer  residence  in  the  City  of  Sudbury,  i.e.  a prevalence  of  9.4%  in  people  with 
over  15  years  residence  compared  to  4.4%  in  people  with  less  residence  time,  whereas 
in  Ottawa,  the  figures  reported  are  5.0%  and  6.0%  respectively.  Miners  and  people 
with  dusty  occupations  were  shown  to  have  almost  twice  the  prevalence  as  other 
occupations,  i.e.  in  Sudbury  the  prevalence  was  13.0%  and  7.3%  respectively  and  in 
Ottawa  it  was  12.3%  and  6.2%  respectively. 

The  relative  risk  of  chronic  bronchitis  was  determined  for  subgroups  in  the 
Ottawa  and  Sudbury  population  and  showed  the  prime  importance  of  smoking  in  Ottawa 
whereas  at  Sudbury,  the  risk  is  more  evenly  shared  among  four  different  factors  with 
residence  time  playing  an  important  role  which  may  implicate  the  difference  in  air 
pollution  in  the  two  cities. 

For  the  years  1971  and  1972  Environment  Canada  data  on  SO2  and  Ontario 
Ministry  data  on  particulate  matter  show  that  although  the  yearly  mean  and  episodic 
atmospheric  concentrations  of  SO2  for  Sudbury  are  greatly  increased  over  that  of 
Ottawa,  the  mean  yearly  particulate  levels  are  higher  in  Ottawa.  However,  episodes 
of  particulate  matter  in  the  air  are  higher  at  Sudbury.  The  episodes  combined  with 
the  acidic  nature  of  the  nickel-rich  particulate  are  likely  to  make  the  atmosphere 
at  times  a strong  bronchial  irritant  and  contribute  to  the  health  effects  discussed. 


5.8  CONCLUSIONS 

In  conclusion,  a number  of  points  can  be  made  regarding  the  hazardous  proper- 
ties of  the  particulate  emissions  at  Sudbury  associated  with  their  quantity  and 
their  chemical  composition.  Residents  of  the  area  have  lqng  suffered  such  minor 
inconveniences  as  pitting  and  discolouring  of  car  finishes  and  toxicity-induced 
drought  in  municipal  and  private  lawns  and  gardens.  However,  it  was  not  until  soil, 
water,  sediment  and  vegetation  were  analysed  that  the  particulate  fraction  of  the 
smelter  emissions  could  be  implicated  in  environmental  and  ecological  effects  inde- 
pendent from  those  of  SO2.  Further  analysis  in  the  mid-1960's  and  early  1970's 
revealed  the  extent  of  the  metal  contamination,  identifying  lakes,  river  systems  and 
fisheries  which  were  poisoned  or  at  risk  and  the  areas  where  soil  levels  of  nickel 
and  copper  proved  phytotoxic.  Regeneration  of  forest  species  was  prevented  due  to 
toxic  heavy  metals  carried  through  the  air  from  the  smelters  which  accumulate  in  the 
surface  soils  of  the  forest. 

It  is  only  recently  that  epidemiological  studies  have  brought  to  light  possi- 
ble health  risks  associated  with  the  nickel  smelting  and  refining  industry.  Also  in 
1980-1981,  it  has  been  shown  that  that  dry  deposition  of  acidic  aerosol  (submicron 
particulates  and  droplets)  may  be  significant  in  acidifying  lakes  and  forests  in 
more  remote  areas.  These  risks  must  always  be  weighed  against  the  economic  benefits 
of  the  industry  to  Sudbury,  Ontario  and  to  Canada  as  a whole.  The  importance  of 
these  industrial  areas  in  terms  of  a source  of  revenue  is  illustrated  by  the  tax 
paid  by  the  two  companies  in  1976  which  amounted  to  $157,839,000  dollars  and  the 
companies  net  profits  for  1978  together  amounted  to  $212,503,000  dollars.  INC0  of 
Canada  alone  employed  38,696  people  in  1976  (Mohide  et_  a_l.  1977).  The  importance  of 
the  industry  to  Ontario  probably  discouraged  earlier  government-sponsored  environ- 
mental and  epidemiological  research  in  the  area  and  the  present  resistance  to 
enforce  government  pollution  control  legislation.  A more  responsible  trend  by  both 
government  and  industry  is  slowly  emerging.  However,  some  control  measures  adopted 
to  date  seem  controversial,  such  as  the  use  of  a 375  m superstack  which  has  disper- 
sed the  pollution  over  a wider  area  instead  of  renewing  the  outdated  furnaces  of 
Copper  Cliff  with  new  ones  that  would  reduce  particulate  emissions.  In  addition, 
the  increased  dust  collection  capabilities  installed  with  the  superstack  should  have 
been  accompanied  by  better  provisions  to  control  fugitive  emissions  of  dust.  Both 
fugitive  and  stack  emissions  of  nickel  and  copper  together  with  accumulating  levels 
in  the  soil  remain  a hazard  to  the  environment.  The  exact  nature  of  direct  hazard 
to  human  health  at  Sudbury  requires  much  more  intensive  epidemiological  research  of 
both  occupational  and  environmentally  exposed  people  in  the  area.  Two  large-scale 
epidemiological  studies  in  the  Sudbury  area  have  been  initiated  and  are  at  present 
ongoing. 
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It  is  possible  that  resolution  of  all  the  ecological,  epidemiological  and 
socio-economic  problems  associated  with  the  Sudbury  smelting  operations  is  not  pos- 
sible due  to  the  complexity  of  the  interacting  forces.  However,  much  valuable  in- 
formation can  and  should  be  retrieved  from  such  a uniquely  large  natural  laboratory 
which  would  do  much  to  prevent  the  occurrence  of  such  problems  in  the  future. 
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CASE  STUDY  No.  6 

TOXIC-SHOCK  SYNDROME  AND  "TAMPON  DISEASE" 

Judith  C.  Dowler 

Bureau  of  Medical  Devices,  Health  Protection  Branch, 
Department  of  National  Health  and  Welfare,  Ottawa,  Ontario 


6.1  HAZARD  AND  RISK  RECOGNITION 

Toxic-shock  syndrome  (TSS)  is  a recently  recognized  staphylococcal  toxin  di- 
sease characterized  by  sudden  onset  of  high  fever,  vomiting  and  diarrhea,  with  rapid 
progression  to  hypotension  and  shock.  Hospitalization,  with  intensive  care  to  com- 
bat the  effects  of  shock,  usually  results  in  recovery  within  14  days  of  onset  of 
symptoms.  Possible  complications  include  gangrene  of  the  toes,  temporary  hair  and 
nail  loss,  and  long-term  impairment  of  affected  organs.  Symptoms  of  similar  staphy- 
lococcal toxin  diseases,  such  as  scalded-skin  syndrome,  are  due  to  the  action  of  a 
toxin  produced  by  the  infecting  organism,  Staphylococcus  aureus.  As  with  certain 
other  staphylococcal  toxin  diseases,  this  organism  can  usually  be  isolated  from  the 
patient,  often  in  pure  culture,  and  yet  there  is  no  evidence  of  a generalized  infec- 
tion such  as  bacteremia. 

This  syndrome  was  first  described  as  a disease  of  children  (Todd  et  al.  1978); 
however,  by  March  of  1980  several  cases  had  been  associated  with  menstruation  in 
women  (Schrock  1980),  and  in  June  the  U.S.  Center  for  Disease  Control  reported  an 
increased  risk  of  TSS  associated  with  the  use  of  menstrual  tampons  (U.S  Health  and 
Human  Ser.  1980a).  At  that  time,  96%  of  TSS  cases  reported  to  the  Center  for 
Disease  Control  by  various  state  health  departments  had  been  in  women,  and  onset  of 
symptoms  in  all  of  these  women  had  occurred  during  their  menstrual  periods.  Yet 
when  TSS  was  first  reported  in  1978,  it  was  not  associated  by  the  authors  with 
either  menses  or  tampons  (Todd  at  al^ . 1978).  Later  it  was  revealed  that  3 of  these 
7 persons  with  TSS  had  developed  this  illness  during  their  menstrual  cycles  while 
wearing  tampons  (Glasgow  1980). 

The  reported  incidence  of  TSS  has  been  averaging  6.2/100,000  menstruating 
women  of  all  ages  per  year,  with  rates  as  high  as  15/100, 00/year  for  certain  age 
groups  (Davis  et_  aK  1980).  Prior  to  mid-1980,  only  severe  cases  were  recognized 
and  treatment  was  often  delayed  after  onset  of  the  symptoms.  As  a result  the  case/ 
fatality  ratio  was  initially  reported  as  13%,  but  more  recent  data  place  this  figure 
closer  to  8%  (U.S.  Health  & Human  Services  1980c). 

In  order  to  ensure  comparison  of  similar  cases,  the  Center  for  Disease  Control 
developed  a rigid  case  definition  of  TSS  which  required  all  five  of  the  following 
criteria: 

1.  fever  equal  to  or  greater  than  38.9°C; 

2.  erythematous  macular  rash  with  later  desquamation  (particularly 
on  the  palms  and  soles); 

3.  for  adults,  a systolic  blood  pressure  of  less  or  equal  to 
90  mm  Hg; 

4.  involvement  of  at  least  4 organ  systems;  and, 

5.  no  evidence  of  bacteremia,  rubeola,  leptospirosis,  meninq- 
ococcemia,  or  Rocky  Mountain  spotted  fever. 

The  systems  most  frequently  involved  were  gastrointestinal,  muscular,  renal, 
hepatic,  mucous  membrane,  hematologic,  central  nervous  and  cardiopulmonary  (U.S. 
and  Human  Serv.  1980b).  This  case  definition  was  later  altered  to  require  involve- 
ment of  only  three  of  these  systems  and  desquamation  was  not  a necessary  criteria  in 
fatal  cases  (U.S.  Health  & Human  Serv.  1980d). 

In  early  September  of  1980,  the  Canadian  Press  began  to  describe  this  appa- 
rently new  disease  syndrome,  the  high  proportion  of  women  affected,  and  the  increa- 
sed risk  of  TSS  in  menstrual  tampon  users  (Globe  & Mail  1980a).  By  this  time  13 
cases  of  TSS  had  been  identified  in  Canada  and  344  cases  with  29  deaths  had  been 
reported  in  the  United  States  (U.S.  Health  & Human  Serv.  1980c).  Reporting  in  both 
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countries  was  done  on  a voluntary  basis.  Several  TSS  cases  had  also  occurred  in  men 
and  young  children,  but  it  was  not  widely  publicized  that  these  cases  were  associa- 
ted with  localized  Staphyloccoccus  aureus  infections  at  non-genital  sites.  Insofar 
as  tampon  use  was  concerned,  the  first  studies  reported  by  the  Center  of  Disease 
Control  indicated  that  all  brands  of  menstrual  tampons  were  egually  associated  with 
an  increased  risk  of  TSS  to  women  (U.S.  Health  & Human  Serv.  1980a).  This  reduced 
likelihood  that  tampons  contained  the  organism  and  suggested  that  the  tampon  acted 
as  a co-factor  rather  than  a causative  agent. 

In  mid-September  of  1980,  data  from  a second  survey  conducted  by  the  Center 
for  Disease  Control  showed  a significantly  increased  risk  of  TSS  associated  with  the 
use  of  Rely  tampons  (U.S.  Health  & Human  Serv.  1980d),  although  a smaller  but  still 
increased  risk  was  present  with  other  menstrual  tampon  brands.  This  study  found 
that  71%  of  women  who  had  TSS  had  used  Rely  tampons,  as  compared  with  only  26%  of 
similar  control  women  who  had  never  had  the  disease.  A later  study,  done  in  Utah, 
confirmed  the  results  obtained  by  the  Center  for  Disease  Control  regarding  the  risk 
of  TSS  to  Rely  users  (U.S.  Health  & Human  Serv.  1980e).  When  the  results  showing  an 
increased  risk  of  TSS  to  Rely  users  were  first  announced,  Proctor  and  Gamble,  manu- 
facturers of  Rely,  began  a voluntary  product  recall,  and  agreed  to  use  the  recall 
procedures  suggested  by  the  United  States  Food  and  Drug  Administration.  Although 
Proctor  and  Gamble  had  never  marketed  Rely  tampons  in  Canada,  some  distributors  in 
southern  Ontario  had  imported  this  product  through  an  American  broker.  Roughly  258 
cartons  were  discovered  and  removed  from  the  retail  shelves  in  Canada. 

The  tampons  manufactured  and  sold  in  Canada  include: 

1.  Tampax  by  Tampax  Incorporated; 

2.  Carefree  OB,  made  by  Johnson  and  Jonhson;  and, 

3.  Playtex,  made  by  Playtex  Limited. 

Until  October  of  1980  a limited  amount  of  product  was  also  available  under  the 
various  "house"  or  "non-name"  brands.  In  addition,  sea-sponges  sold  as  menstrual 
tampons  could  be  found  in  some  retail  health-food  outlets.  Five  brands  of  tampons 
are  available  in  the  United  States.  These  include  the  3 brands  marketed  in  Canada, 
as  well  as  2 other  brands;  Kotex  manufactured  by  Kimberly-Clark,  and  Pursettes  made 
by  Tampana.  All  of  these  5 companies  market  as  least  2 tampon  types,  Regular  and 
Superabsorbent.  These  types  differ  from  each  other  in  size  and  in  claims  for  absor- 
bency, but  not  necessarily  composition.  Length  of  various  product  types  ranges  from 
38.1-54  mm,  and  width  varies  from  9.3-17.6  mm.  Composition  varies  from  brand  to 
brand,  and  even  within  certain  brands,  according  to  absorbency  type.  All  products 
of  Carefree  OB  and  Pursettes  have  applicators  consisting  of  polyethylene,  poly- 
ethylene and  polypropylene,  or  wound  paper. 

Rely  tampons,  which  claimed  to  be  a highly  effective  superabsorbent  tampon, 
differed  considerably  from  all  other  brands  of  superabsorbent  tampons,  both  in  com- 
position and  structure.  During  the  fall  of  1980  press  reports,  such  as  those  in  the 
Ottawa  Citizen  (1980a-d),  Calgary  Herald  (1980a;  b),  Globe  and  Mail  (1980b;  c), 
Toronto  Star  (1980a;  b)  and  Washington  Post  (1980a-c),  mentioned  their  recall,  their 
composition,  the  numerous  lawsuits  launched  against  their  manufacturer,  and  several 
speculations  that  the  components  of  Rely  might  somehow  promote  TSS. 

Press  reports  in  the  fall  of  1980  mentioned  that  all  brands  of  superabsorbent 
tampons  had  been  closely  linked  to  TSS,  and  more  than  one  referred  to  TSS  as  a 
"tampon  disease"  (Ottawa  Citizen  1980b;  d;  Toronto  Star  1980c).  At  this  time,  the 
press  questioned  tampon  safety;  in  particular  tampon  fibres,  components,  and  appli- 
cators, and  suggested  tampons  should  be  subject  to  strict  regulatory  control  in 
Canada  (Toronto  Star  1980c;  Globe  and  Mail  1980d).  The  fact  that  Health  and  Welfare 
Canada  intended  to  obtain  label  warning  concerning  TSS  on  tampon  packages  was  also 
well  publicized  (Toronto  Star  1980d;  London  Free  Press  1980).  Women  became  extre- 
mely concerned  about  the  risk  of  TSS  associated  with  tampon  use  and  this  may  have 
been  due  to  the  appearance,  over  a period  of  several  months,  of  press  articles 
concerning  this  topic. 

Prior  to  the  press  reports  associating  TSS  with  tampons,  marketing  data  indi- 
cated that  approximately  70%  of  women  in  the  United  States  and  50%  of  women  in 
Canada,  used  tampons.  Although  tampon  usage  has  since  decreased,  it  is  still  wide- 
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spread,  and  yet  the  reported  incidence  of  TSS  is  very  low.  The  prevalence  of  the 
particular  toxin-producing  strain  of  Staphylococcus  aureus  responsible  for  TSS  is 
unknown;  however,  roughly  10%  of  healthy  women  who  have  never  had  TSS,  appear  to 
have  some  strain  of  this  organism  in  their  vaginas  at  the  time  of  their  menstrual 
periods  (Shands  et  al.  1980).  Hence,  it  was  assumed  that  some  other  factors  must 
influence  the  incidence  of  this  syndrome. 

Tampon  use  has  been  associated  with  vaginal  damage,  such  as  lacerations  and 
ulcers  of  the  upper  vaginal  wall  (Barrett  et  al.  1977;  Friedrich  and  Siegesmund 
1980).  It  was  also  reported  that  use  of  superabsorbent  tampons  resulted  in  more 
vaginal  damage  than  that  seen  with  regular  tampons  (Friedrich  and  Siegesmund  1980). 
It  was  postulated  that  this  type  of  vaginal  damage  might  predispose  women  to  TSS  and 
this  would  explain  why  tampon  users  appeared  more  susceptible  to  this  syndrome  than 
non-users  (Garrett  1981;  Barns  1980). 

Use  of  tampons,  and  in  particular  superabsorbent  tampons,  might  provide  a more 
favourable  environment  for  growth  of  Staphylococcus  aureus  than  is  normally  found  in 
women  who  use  menstrual  pads.  On  the  basis  of  results  obtained  in  other 
staphylococcal  toxin  studies,  it  was  assumed  that  Staphylococcus  aureus,  capable  of 
producing  the  TSS  toxin,  would  have  to  multiply  to  a number  in  excess  of  a million 
organisms  before  toxin  production  would  be  detectable.  Tampons  would  provide  these 
organisms  with  a large  and  static  surface  growth  area,  rich  in  nutrients  provided  by 
the  menstrual  flow,  and  yet  protected  from  the  natural  antibacterial  defense 
mechanisms  of  the  vagina. 

Experts  felt  that  many  women  might  experience  either  a mild  or  subclinical 
disease  not  classifiable  as  TSS  and  yet  caused  by  the  same  toxin.  This  appeared 
possible  as  a spectrum  of  TSS  severity  was  observed  in  studies  of  both  recurrent  and 
non-recurrent  illness,  and  many  suspect  cases  did  not  meet  the  TSS  case  definition. 
Also,  some  women  did  appear  to  be  more  naturally  resistant  to  TSS  than  others,  as 
shown  by  the  observed  high  recurrence  rate  of  roughly  30%.  If  women  were 
experiencing  a mild  or  subclinical  toxin  disease,  rather  than  TSS,  this  would  help 
to  explain  the  reported  low  incidence  of  this  syndrome. 


6.2  RISK  MANAGEMENT 


ADVICE  OF  EXPERTS 

When  the  increased  risk  of  TSS  to  tampon  users  was  widely  plublicized  in  the 
fall  of  1980,  medical  experts  suggested  that  women  could  almost  entirely  eliminate 
the  risk  of  toxic-shock  by  not  wearing  tampons  (US.  Health  & Human  Serv.  1980a;  c). 
What  these  experts  failed  to  stress  was  that  a number  of  cases  of  TSS  had  occurred 
that  were  not  associated  with  tampon  use.  While  discontinuing  use  of  tampons  would 
appear  to  reduce  the  risk  of  TSS  to  women,  it  would  certainly  not  eliminate  this 
risk,  although  this  fact  was  not  made  clear  to  users.  Other  advice  offered  to  women 
who  wished  to  avoid  the  risk  of  TSS  was  to  reduce  the  frequency  with  which  tampons 
were  worn.  The  recommendations  of  the  American  College  of  Obstetricians  and 
Gynecologists  to  avoid  the  use  of  superabsorbent  tampons,  alternate  tampon  use  with 
menstrual  pads,  and  change  tampons  frequently,  were  widely  circulated  to  members  and 
Canadian  associates  in  October  of  1980  and  mentioned  by  the  daily  press  (Ottawa 
Citizen  1980e;  Montreal  Gazette  1980).  In  light  of  what  is  currently  known  about 
TSS,  changing  tampons  frequently  and  alternating  pads  with  tampons  is  not  likely  to 
reduce  the  risk  of  TSS  to  women. 

Tampon  sales  in  North  America  dropped  by  as  much  as  50%  in  the  5-month  period 
following  the  September  publicity  concerning  TSS.  Although  many  women  did 
discontinue  use  of  tampons,  or  reduced  the  frequency  with  which  they  were  worn,  it 
is  not  known  if  this  was  in  response  to  the  advice  of  medical  experts  or  to  the 
adverse  publicity  tampons  received  by  the  news  media.  Nevertheless,  women  in  North 
America  were  far  from  content  with  this  new  situation.  Their  only  practical 
alternative,  the  use  of  menstrual  pads,  was  considered  by  many  as  a step  back  into 
the  dark  ages.  The  use  of  menstrual  pads  presented  disadvantages  not  experienced 
with  tampon  use;  such  as  discomfort,  odour,  and  the  problem  of  hygenic  disposal. 
Thus,  while  most  tampon  users  were  concerned  about  the  increased  risk  of  TSS,  many 
chose  to  ignore  the  advice  of  experts,  for  the  benefits  of  tampon  use  appeared  to 
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outweigh  the  risk  of  TSS.  The  majority  of  these  women,  who  continued  to  use 
tampons,  were  not  really  aware  of  the  very  small  risk  of  TSS  to  tampon  users,  as 
this  factor  was  downplayed  by  the  news  media. 

Reports  of  the  advice  and  speculations  of  various  experts,  both  from  the  medi- 
cal community  and  from  Health  and  Welfare  Canada,  did  nothing  to  alleviate  the  con- 
cern of  a large  group  of  women  who  continued  to  use  tampons.  One  medical  expert 
even  suggested  that  some  male  victims  of  TSS  might  have  contracted  this  syndrome 
through  sexual  contact,  although  there  was  no  evidence  to  support  this  speculation. 
Most  physicians  advised  women  not  to  worry  about  contracting  TSS  as  the  incidence  of 
this  syndrome  was,  in  their  opinion,  too  low  to  be  of  concern. 

Conflicting  advice  was  offered  concerning  the  freguency  with  which  tampons 
should  be  changed.  Initially  it  was  suspected  that  women  who  developed  TSS  during 
tampon  use  had  not  changed  freguently,  and  it  was  suggested  that  more  freguent  chan- 
ging of  tampons,  e.g.  every  3 to  4 hours,  might  reduce  the  risk  of  TSS  in  those 
women  who  continue  to  use  them.  There  was  no  evidence  that  the  risk  of  TSS  increa- 
sed if  tampons  were  not  changed  freguently,  but  it  was  assumed  that  more  frequent 
changing  might  reduce  this  risk  by  creating  a less  favourable  qrowth  environment  for 
staphylococcus  organisms.  Later  it  was  pointed  out  that  more  frequent  tampon 
chanqes,  particularly  when  menstrual  flow  was  light,  could  increase  the  risk  of  tam- 
pon insertion  damage  to  the  vagina  (Davis  et^  j^.  1980;  Garrett  1981;  Barns  1980). 
Since  tampon  insertion  damage  was  strongly  suspected  to  be  somehow  related  to  TSS, 
users  were  then  advised  by  physicians  to  avoid  frequent  tampon  changes  and  to  use 
the  tampon  absorbency  style  best  suited  to  their  own  menstrual  flow.  This,  combined 
with  the  fact  that  specific  instructions  for  changing  were  not  present  within  the 
directions  for  use  accompanying  these  products,  failed  to  give  users  any  idea  as  to 
how  frequently  they  should  be  changed.  More  recently  unpublished  studies  indicate 
no  significantly  greater  risk  of  TSS  to  tampon  users  who  are  infrequent  changers, 
but  this  information  has  never  been  widely  circulated. 

When  it  became  apparent  that  roughly  30%  of  women  were  experiencing  recurrent 
cases  of  TSS  during  menses,  women  who  had  experienced  TSS  were  strongly  urged  to 
avoid  the  use  of  tampons  for  at  least  several  months.  Recurrent  cases  could  have 
been  due  to  the  failure  of  the  treatment  antibiotic  to  eliminate  the  infecting  orga- 
nisms, or  perhaps  where  the  antibiotic  had  been  successful,  recurrent  inoculation  of 
staphylocci  from  other  body  sites  to  the  genital  area.  In  order  to  eliminate  the 
infectinq  staphylocci  completely,  use  of  a beta-lactamase-resistant  antibiotic,  such 
as  one  of  the  cephalosporins  or  penicillinase-resistant  penicillins,  was  highly 
recommended.  All  TSS  isolates  appear  to  produce  penicillinase,  and  recurrent  ill- 
ness in  women  appears  to  be  more  likely  if  the  organism  is  not  completely  eliminated 
from  the  vagina. 


REGULATORY  ACTION 

Tampons  became  officially  subject  to  the  requirements  of  both  the  Food  and 
Drug  Act  and  the  Medical  Devices  Regulations  in  October  of  1980,  although  the  Health 
Protection  Branch  had  decided  in  mid-September  to  treat  tampons  as  devices  in  view 
of  the  concern  about  TSS  and  the  reported  statistical  relationship  with  tampon  use. 
In  the  United  States,  menstrual  tampons  had  been  classified  as  medical  devices  for 
some  time  prior  to  1980;  however,  as  they  were  not  connected  with  any  health  hazard, 
they  had  received  little  attention  from  regulatory  agencies  during  this  time. 

By  mid-October,  Health  Protection  Branch  regional  laboratories  had  examined 
tampons  and  reported  that,  although  they  were  not  sterile,  there  was  no  evidence  of 
Staphylococcus  aureus  on  products  sampled  from  retail  outlets  in  Canada.  The  United 
States  Food  and  Drug  Administration,  in  a similar  program,  had  also  found  no  evi- 
dence of  this  organism  on  American  tampons.  Furthermore,  inspection  of  tampon  faci- 
lities, in  Canada  and  in  the  United  States,  revealed  satisfactory  manufacturing  con- 
ditions. Hence,  although  tampons  were  associated  with  an  increased  risk  of  TSS, 
regulatory  officials  did  not  know  the  reasons  for  this  association. 

Neither  the  users  nor  the  regulatory  agencies  ever  gave  serious  consideration 
to  removal  of  tampons  from  the  North  American  market  for  several  reasons: 
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1.  the  incidence  of  TSS,  even  in  tampon  users,  appeared  to  be  very 
low; 

2.  cases  of  TSS  occurred  that  were  not  associated  with  tampon  use; 
and, 

3.  the  only  practical  alternative,  use  of  menstrual  pads,  was  con- 
sidered by  many  as  unacceptable  in  view  of  its  unpleasant  dis- 
advantages. 

In  Canada,  both  tampon  manufacturers  and  regulatory  officials  agreed  that  women 
should  be  advised  of  the  increased  risk  of  TSS  in  tampon  users. 

Canadian  tampon  manufacturers  met  with  members  of  the  Health  Protection  Branch 
in  October  of  1980,  and  agreed  to  include  the  following  cautionary  statement  on  the 
exterior  of  all  tampon  packages  marketed  in  Canada: 

"CAUTION:  Because  of  the  believed  association  of  Toxic  Shock 
Syndrome  with  the  use  of  menstrual  tampons,  Health  and  Welfare 
Canada  and  (manufacturer's  name)  advise  you  to  read  the  enclo- 
sed information  thoroughly  before  using  tampons." 

Enclosed  with  each  box  of  tampons  is  a package  insert  describing  the  symptoms 
of  TSS  and  making  specific  recommendations  for  minimizing  the  risk  of  contracting 
this  syndrome. 

A guideline  from  Health  Protection  Branch  suggesting  information  to  be  inclu- 
ded in  the  package  insert  was  given  to  Canadian  tampon  manufacturers.  As  some  of 
the  suggested  information  could  quickly  become  outdated,  all  of  it  was  not  included 
in  any  of  the  package  inserts.  Only  one  tampon  manufacturer  agreed  to  use  the  sug- 
gested recommendation  that  tampons  be  changed  every  4 to  6 hours.  The  other  manu- 
facturers pointed  out  that  there  was  no  scientific  evidence  to  support  the  reasons 
for  this  recommendation. 

Until  the  fall  of  1980,  three  distributors  were  marketing  sea-sponges  as  mens- 
trual tampons  to  a very  small  group  of  Canadian  users.  When  it  was  noted  by  Health 
Protection  Branch  that  these  products  could  contain  potentially  harmful  contami- 
nants, sale  of  menstrual  sponges  in  Canada  was  temporarily  discontinued  until  the 
manufacturers  could  produce  an  item  that  was  not  considered  as  hazardous.  Currently 
only  one  distributor  is  marketing  this  product  in  Canada,  and  few  Canadian  women  use 
menstrual  sponges  as  tampons.  The  U.S.  Food  and  Drug  Administration  has  never  given 
the  required  approval  for  interstate  sale  or  shipment  of  menstrual  sponges. 

On  May  27,  1981,  tampons  became  subject  to  pre-market  review  in  Canada.  This 
was  done  to  ensure  that  new  tampon  products  would  not  be  sold  without  evidence  of 
safety  and  acceptable  labelling.  Only  a few  medical  devices  are  subject  to  pre- 
market  review  in  Canada.  These  include  tampons,  intra-ocular  lenses,  intra-uterine 
devices,  prolonged-wear  contact  lenses,  and  pacemakers.  Pre-market  review  does  not 
apply  to  tampons  marketed  in  Canada  prior  to  May  27,  1981,  but  any  change  to  their 
labelling,  structure,  or  composition  would  make  them  a new  device  subject  to  review 
prior  to  sale. 

It  is  highly  unlikely  that  this  regulatory  action  concerning  tampons  (particu- 
larly the  introduction  of  pre-market  review)  would  have  taken  place  in  Canada  had 
the  press  not  given  such  wide  coverage  to  TSS  and  its  statistical  association  with 
tampon  use.  The  press  informed  us  that  tampons  were  not  subject  to  strict  regulato- 
ry control,  such  as  pre-market  review,  and  many  concerned  women  then  wrote  to  the 
Minister,  and  to  other  officials  of  the  Health  Protection  Branch,  demanding  strict 
regulatory  action. 

It  must  be  mentioned  that  pre-market  review  cannot  always  be  relied  upon  to 
prevent  the  appearance  of  device-associated  problems.  Manufacturers  of  tampons  sold 
in  Canada  prior  to  May  of  1981  have  also  submitted  data  to  the  Health  Protection 
Branch  which  indicate  that  their  products  are  safe  for  use,  and  yet  these  products 
are  somehow  associated  with  an  increased  risk  of  TSS.  Regulators  must  rely  on  cur- 
rent knowledge  to  determine  what  is  safe  when  judging  a product,  and  tampons  do  not 
contain  any  components  that  are  believed  to  be  hazardous.  Even  clinical  trials  will 
not  always  reveal  the  existence  of  problems,  particularly  microbiological  problems, 
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as  there  is  a constantly  shifting  pattern  in  the  distribution  of  potentially 
pathogenic  organisms  over  the  years.  New  strains  with  increased  virulence  do  emerge 
from  time  to  time,  and  these  may  predominate  for  a period  and  than  later  decline  in 
prevalence.  Also,  new  pathogenic  organisms  are  still  being  recognized. 

Thus,  tampons  have  been  treated  differently  in  Canada  and  in  the  United  States 
by  regulatory  officials.  Label  warnings  concerning  TSS  are  on  all  Canadian  tampons 
now  made,  and  Canada  currently  reguires  pre-market  review  for  all  new  tampons. 
Although  similar  reguirements  were  also  proposed  for  American  tampons  in  October  of 
1980,  no  further  action  has  been  taken  in  this  matter. 

In  addition  to  these  regulatory  actions  concerning  tampons,  the  Health  Protec- 
tion Branch  has  also  instituted  a number  of  activities  designed  primarily  to  gather 
more  information  on  tampons  and  the  incidence  of  TSS  in  Canada.  Information  pack- 
ages and  case  report  forms  have  been  sent  to  all  of  the  Provincial  Epidemiologists 
and  an  Information  Letter  on  TSS  was  sent  to  all  physicians  in  Canada  asking  for 
their  cooperation  in  submitting  information  on  case  reports.  The  Branch  has  accumu- 
lated data  on  cases  of  TSS,  continued  its  laboratory  testing  of  all  brands  of 
Canadian  tampons,  and  investigated  all  reports  of  disease  or  injury  associated  with 
tampon  use.  Similar  activities  are  being  conducted  in  the  United  States,  by  person- 
nel with  the  Food  and  Drug  Administration  and  the  Center  for  Disease  Control. 


INVESTIGATIONAL  RESULTS 

Once  the  Staphylococcus  toxin  responsible  for  TSS  is  characterized,  it  will  be 
possible  to  identify  bacterial  isolates  capable  of  causing  this  syndrome  and  to  de- 
termine immune  status  of  women  to  this  toxin  disease.  Furthermore,  when  the  toxin 
has  been  identified,  it  may  be  possible  to  determine  the  actual  incidence  of  this 
disease.  If  the  causative  toxin  could  be  identified,  then  a new  disease  spectrum 
could  be  named  after  the  toxin  and  the  term  TSS  would  be  used  only  in  those  cases 
where  shock  really  occurs. 

There  is  recent  evidence,  much  of  which  is  unpublished,  that  two  newly  recog- 
nized staphylococal  toxins  are  causative  agents  of  TSS.  Both  of  these  toxins  appear 
to  be  very  similar  and  may  be  identical.  Although  there  is  no  serological  evidence 
available  yet  linking  pyrogenic  exotoxin  C with  TSS,  there  is  serological  evidence 
that  enterotoxin  F or  SEF  (Bergdoll,  priv.  comm.)  is  a causative  factor  in  TSS. 

The  evidence  linking  SEF  with  TSS  is  as  follows.  All  of  more  than  100  Staphy- 
lococcus aureus  strains,  isolated  from  cases  of  TSS,  produce  only  one  common  toxin, 
SEF.  Increasing  amounts  of  antibody  directed  against  this  toxin  can  be  found  in  the 
sera  of  patients  recovering  from  TSS,  and  high  levels  of  this  antibody  (anti-SEF) 
are  believed  to  be  protective.  Patients  who  have  mild  cases,  not  usually  classified 
as  TSS,  may  have  small  amounts  of  anti-SEF  before  the  attack  and  usually  produce 
large  amounts  of  anti-SEF  upon  recovery.  Patients  who  suffer  from  repeated  attacks 
of  TSS  do  not  produce  large  amounts  of  anti-SEF  until  their  second  or  third  attack. 
However,  when  these  patients  do  produce  high  levels  of  anti-SEF,  they  no  longer 
experience  new  attacks  of  TSS. 

A study  conducted  in  Minnesota  has  shown  a 17-fold  greater  risk  of  TSS  with 
the  use  of  any  tampons,  and  a 30-fold  greater  risk  with  the  use  of  superabsorbant 
tampons  of  all  brands.  Younger  women  appear  to  be  more  susceptible  to  TSS  than 
older  women.  Among  women,  the  reported  incidence  of  TSS  is  highest  in  the  15-19 
year  old  age  group  using  only  tampons  (15/100,000/year  as  opposed  to  11.5/100,000/ 
year  for  all  15-19  year  olds).  Also,  the  reported  incidence  of  TSS  in  this  age 
group  is  much  higher  than  the  average  of  6.2/100,000  menstruating  women  of  all  ages 
per  year  (Davis  et  al.  1980).  In  the  12-14  year  old  group,  the  reported  incidence 
for  tampon  users  is  more  than  double  the  incidence  reported  for  tampon  users  and 
non-users  combined.  (Davis  et_  j^_.  1980).  These  two  facts  may  account  for  the  large 
number  of  TSS  cases  associated  with  Rely  tampon  use,  as  these  tampons  were  highly 
superabsorbent  and  very  popular  among  younger  women. 

It  is  currently  believed  that  roughly  10?o  of  healthy  women,  who  have  never 
experienced  TSS,  will  have  some  strain  of  Staphylococcus  aureus  in  their  vaginas 
when  they  are  menstruating  (Shands  et  al.  1980);  but  It  Is”  not  known  if  women  under 
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20  years  of  age,  who  appear  to  be  more  susceptible  to  TSS,  are  more  likely  to  be 
colonized  by  this  organism  than  older  women.  A specific  toxin  of  Staphylococcus 
aureus,  SEF,  produced  by  only  a small  number  of  Staphylococcal  strains,  is  believed 
to  be  responsible  for  both  TSS  and  milder  cases  not  fitting  the  TSS  case  criteria 
(Bergdoll  et_  al_.  1981).  Only  some  4.6%  of  Staphylococcus  aureus  strains  obtained 
from  sources  other  than  TSS  cases  produced  the  suspect  toxin,  whereas  this  toxin  was 
found  in  100%  of  recent  TSS  isolates.  Roughly  80%  of  college  students  in  the 
Wisconsin  area  have  appreciable  anti-SEF  titers  which  are  believed  to  be  protective 
(Bergdoll,  priv.  comm.).  It  is  not  known  if  younger  women,  who  appear  more  likely 
to  develop  TSS,  also  have  a similar  anti-SEF  titer  distribution  in  their  age  groups. 

Tampons  and  menses  together  create  a very  favourable  environment  for  staphy- 
lococci to  multiply  to  numbers  where  toxin  production  is  detectable.  Damage  to  the 
vaginal  wall  would  not  be  needed  for  a toxin  such  as  SEF  to  enter  the  circulatory 
system  from  the  vagina.  This  toxin  should  be  rapidly  cleared  from  the  circulation 
by  the  patient's  defense  mechanisms,  but  in  cases  of  vaginal  Staphylococcus  infec- 
tions it  would  constantly  be  reintroduced.  As  symptoms  of  TSS  usually  improve  in 
patients  with  a vaginal  infection  shortly  after  the  tampon  is  withdrawn,  a corres- 
ponding drop  in  the  amount  of  toxin  entering  the  circulation  may  be  inferred. 


STATUS  UPDATE 

As  of  May,  1981,  Americans  had  reported  1108  cases  of  TSS  with  82  deaths,  and 
Canadians  had  reported  a total  of  34  confirmed  and  suspect  cases  with  3 deaths.  The 
majority  of  Canadian  cases  have  appeared  since  the  beginning  of  1980,  and  there  has 
been  an  apparent  increase  in  the  number  of  Canadian  cases  since  the  beginning  of 
1981.  Most  American  cases  appeared  prior  to  September  of  1980,  and  since  then  there 
has  been  a sharp  decrease  in  the  number  of  reported  cases. 

The  apparent  increase  in  the  number  of  Canadian  TSS  cases  is  probably  due 
largely  to  the  special  efforts  of  the  Health  Protection  Branch  in  encouraging  volun- 
tary reporting.  There  are  several  possible  explanations  for  the  decrease  in  the 
number  of  TSS  cases  reported  in  the  United  States: 

1.  in  North  America  there  has  been  a significant  decrease  in  the 
number  of  women  using  tampons; 

2.  there  is  a diminishing  interest  in  the  reporting  of  TSS  due  to- 
waning  media  attention; 

3.  the  publicity  concerning  TSS  may  have  prompted  women  with  early 
symptoms  of  TSS  to  seek  prompt  medical  attention  and  remove 
their  tampons; 

4.  there  may  be  an  increased  resistance  to  TSS  among  American 
women;  and, 

5.  the  Staphylococcus  strain  capable  of  producing  the  toxin  res- 
ponsible for  TSS  may  be  less  prevalent. 

The  vast  majority  of  reported  TSS  cases  have  occurred  in  women  wearing  tampons 
with  onset  of  symptoms  appearing  during  their  menstrual  periods.  However,  many  cases 
of  TSS  have  also  occurred  in  men,  young  children  and  women  who  have  never  worn  tam- 
pons. When  there  is  no  evidence  of  a vaginal  infection,  and  TSS  does  occur,  Staphy- 
lococcus aureus  is  usually  found  at  an  infected  wound  or  surgical  site.  Women  who 
use  tampons  do  appear  to  be  at  a greater  risk  for  contracting  this  disease  syndrome 
and  this  risk  increases  if  they  use  superabsorbant  tampons  rather  than  regular 
tampons.  Furthermore,  young  women  appear  to  be  much  more  likely  to  develop  TSS  than 
older  women. 

There  is  a considerable  amount  of  evidence  indicating  that  tampons  act  as  a 
co-factor  in  most  cases  of  TSS,  but  the  syndrome  is  caused  by  a specific  toxin  pro- 
duced when  a certain  strain  of  Staphylococcus  aureus  establishes  a localized  infec- 
tion. Continuing  research  is  required  into  further  identification  of  the  toxin 
responsible  not  only  for  TSS,  but  also  milder  illnesses  that  do  not  fit  the  TSS  case 
definition.  Tampon  manufacturers  are  expected  to  continue  to  support  these  investi- 
gations. Further  work  is  required  in  serology  and  epidemiology,  and  this  work  will 
proceed  rapidly  as  soon  as  the  responsible  toxin  is  purified  and  positively 
identified. 
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HOW  RISKY  IS  2,4, 5- T 
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7.1  INTRODUCTION 

In  March,  1979,  the  United  States  Environmental  Protection  Agency  issued  an 
order  severely  restricting  the  use  of  the  herbicide  2,4,5-T  on  the  grounds  that  it 
was  potentially  hazardous  to  human  health  and  reproduction.  This  decision  started  a 
controversy  in  many  parts  of  the  world,  including  Canada  where,  after  a study  of  the 
basis  for  the  American  decision,  the  Canadian  government  decided  not  to  alter  its 
regulations  for  the  control  of  2,4,5-T.  However,  three  provinces,  Ontario, 
Saskatchewan  and  British  Columbia,  moved  to  suspend  or  severely  restrict  its  use. 
The  media  and  various  citizen  and  professional  groups  entered  the  argument  which 
still  continues. 

The  history  of  our  efforts  to  reap  the  benefits  from  2,4,5-T  while,  at  the 
same  time,  limiting  risks  to  the  environment  and  human  health  is  instructive  in 
illustrating  how  difficult  it  is  to  deal  with  many  environmental  risks.  This 
account  describes  the  development  of  2,4,5-T  and  the  major  events  in  the  United 
States  and  Canada  relating  to  the  regulation  of  its  use,  followed  by  an  analysis  to 
see  what  may  be  learned  from  this  case. 


7.2  METHOD  OF  MANUFACTURING  2,4,5-T 

The  herbicide  2,4,5-trichlorophenoxyacetic  acid  (2,4,5-T),  is  manufactured  in 
a two-step  process  by  reacting  1 ,2,4,5-tetrachlorobenzene  with  methanol  and  sodium 
hydroxide  to  produce  the  sodium  salt  of  2,4, 5-trichlorophenol,  a compund  widely  used 
in  industrial  processes.  In  the  production  of  2,4,5-T  it  is  reacted  in  alkaline  so- 
lution with  chloroacetic  acid  to  yield  the  sodium  salt  of  2,4,5-T.  This  is  neutra- 
lized with  sulphuric  acid  and  can  be  reacted  with  a variety  of  alcohols  or  amines  to 
produce  esters  or  amines.  The  esters  are  the  more  volatile  and  because  they  are 
only  slightly  soluble  in  water,  they  must  be  formulated  in  oils.  The  amines  are 
less  volatile  and  are  the  widely  used  water  soluble  forms  (NRC  1978;  Bovey  and  Young 
1980). 


Bovey  and  Young  (1980)  report  that  most  2,4,5-T  is  90-92%  pure  with  8-10% 
impurities  which  may  include  10  compounds  contributing  amounts  ranging  from  a minute 
fraction  (0.1  ppm  [parts  per  million])  to  3%.  There  is  some  variation  among  manu- 
facturers and  batches.  The  major  concern  regarding  the  possible  risks  in  the  use  of 
2,4,5-T  relates  to  the  presence  of  a by-product  of  the  reaction  called  2, 3, 7, 8 
tetrachlorodibenzo-p-dioxin  (2,3,7,8-TCDD)^ . The  material  belongs  among  the  75  con- 
geners of  the  polychlorinated  dibenzodioxins.  There  are  22  isomers  of  TCDD  of  which 
2,3,7, 8-TCDD  is  the  most  toxic  (Holmstedt  1980;  Schwetz  et_  sd.  1973).  It  also  some- 
times occurs  in  small  amounts  in  Silvex  (2-(2,4, 5-trichlorophenoxy )propionic  acid) 
but  has  not  been  found  in  2,4-D  or  other  phenoxy  herbicides  (Woolson  £t_  jd.  1972; 
Cochrane  et^  jd.  1980).  The  material  is  produced  in  the  preliminary  trichlorophenol 
reaction  and  is,  therefore,  by  no  means  unique  to  the  manufacture  of  2,4,5-T.  It  is 
extraordinarily  toxic  and  is  an  inducer  of  aryl  hydrocarbon  hydroxase  and  other 
enzyme  activity,  as  well  as  affecting  the  immune  system  (Faith  and  Luster  1979;  Huff 
et_  al_.  1980).  Present  regulations  reguire  that  2,4,5-T  contain  no  more  than  0.1  ppm 
but  it  is  usually  less,  in  the  order  of  0.03  ppm  or  less  (ACSH  1981;  WHO  1977a; 
Kilpatrick  1979;  1980). 


7.3  TOXICITY 

Extensive  laboratory  tests  with  a variety  of  animals  and  a history  of  over  30 
years  of  widespread  use  demonstrate  that  the  phenoxy  herbicides  are  of  moderate 
toxicity  (WHO  1977a,  1977b).  The  herbicide  2,4,5-T  has  an  LD50  for  single  oral 
doses  in  a range  of  test  animals  of  between  100-2000  mg/kg  (Bovey  and  Young  1980; 

^Abbreviated  in  this  paper  as  TCDD. 
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Gehring  and  Besto  1978).  It  is  less  toxic  to  birds  with  LD5q's  ranging  from  300- 
5000  mg/kg  (Kenaga  1975).  The  toxic  level  for  fish  varies  greatly,  depending  on 
species,  from  1-1000  ppm  in  water.  Retention  time  of  2,4, 5-T  in  the  body  is  usually 
quite  short  and  most  of  it  is  excreted  unchanged  in  the  urine  of  animals,  including 
man  (Gehring  et_  al_.  1973;  Piper  et^  al.  1973). 

Human  deaths  from  phenoxy  herbicides  are  extremely  rare  and  are  related  to  ac- 
cidents or  suicides  (Dudley  and  Thopar  1972;  Nielson  et^  _al_.  1965).  In  manufacturing 
plants  and  other  occupational  situations  of  continuous  exposure,  some  people  expe- 
rience weakness,  nausea,  fatigue,  headaches,  loss  of  appetite  and  digestive  upsets 
(Bovey  and  Young  1980). 


7.4  HISTORICAL  REVIEW 

The  herbicide  2,4, 5-T  was  first  offered  for  sale  in  1948  and  since  then  its 
use  on  a world-wide  scale  increased  to  a peak  during  the  Vietnam  War  in  the  late 
1960's  before  it  declined  again.  The  concern  that  it  might  have  some  serious  health 
effects  was  first  expressed  in  1969  when  a study  done  for  the  National  Cancer  Insti- 
tute in  Washington  suggested  that  it  might  be  teratogenic.  In  May,  1970,  Courtney 
et  al.  reported  teratogenic  and  foetotoxic  effects  in  mice.  Also,  about  this  time, 
there  were  media  reports  of  babies  with  birth  defects  in  Vietnam  in  the  areas 
sprayed  in  the  defoliation  program  of  the  American  forces.  The  suspicion  of  terato- 
genicity prompted  regulations  restricting  the  use  of  2, 4, 5-T  in  the  United  States  on 
croplands  and  elsewhere  and  the  armed  forces  stopped  using  it  in  the  war.  Since 
1970,  there  has  followed  over  ten  years  of  confused  controversy  over  risks  involved 
using  2,4, 5-T. 

We  may  begin  our  story  over  50  years  ago  with  the  isolation  of  indole-3-acetic 
acid  (IAA)  in  plants  by  F.W.  Went  and  K.V.  Thimann  in  1926.  This  is  a naturally  oc- 
curring substance  which  promotes  and  regulates  normal  growth.  Its  discovery  promp- 
ted a search  for  synthetic  compounds  which  might  be  used  to  hasten  ripening,  produce 
seedless  tomatoes,  enhance  rooting,  promote  growth  and  so  on.  By  1941,  a group  wor- 
king at  the  Boyce-Thompson  Institute  had  studied  about  50  compounds  which  displayed 
some  activity  affecting  cell  elonqation  and  other  growth  phenomena.  Among  the  most 
active  were  phenoxyacetic  acid  compounds  of  which  2,4-D  and  2,4, 5-T  had  recently 
been  synthesized  (Peterson  1967;  Bovey  and  Young  1980). 

Early  in  the  Second  World  War,  Secretary  of  War,  Henry  Stimson,  asked  the  U.S. 
National  Academy  of  Sciences/  National  Research  Council  to  set  up  a committee  to  ad- 
vise him  on  biological  warfare.  In  1942,  and  again  in  the  spring  of  1943,  Professor 
E.J.  Kraus,  Head  of  the  Department  of  Botany  at  the  University  of  Chicago,  reported 
to  the  committee  on  growth-promoting  substances  and  suggested  that  they  might  have 
some  potential  for  destroying  of  enemy  food  crops.  Kraus  had  already  suggested  to 
two  of  his  former  graduate  students,  John  W.  Mitchell  and  Charles  Hamner,  that  the 
new  substances  might  be  useful  in  weed  control  and  that  they  might  investigate  them 
in  connection  with  their  work  for  the  U.S.  Department  of  Agriculture.  Soon  after, 
Kraus  organized  a research  program  financed  by  the  Army  (House  £t  jd.  1967).  In 
1942,  the  group  at  Boyce-Thompson  published  their  work  and  showed  that  2,4-D  was 
about  300  times  more  active  than  indolebutyric  acid  in  inducing  seedless  tomatoes 
(Zimmerman  and  Hitchcock  1942). 

Kraus  and  his  co-workers  secured  samples  of  materials,  including  2,4-D,  from 
the  Boyce-Thompson  group.  In  1944,  Hamner  and  Tukey  reported  on  its  effectiveness 
in  controlling  bindweed  (Convolvulus  arvensis)  and  shortly  after,  the  striking 
selectivity  of  2,4-D  for  broact-leaved  weeds  and  crops  was  demonstrated  (Mitchell  and 
Hamner  1944).  In  1944,  military  research  on  herbicides  was  stepped  up  at  Camp 
Detrick  in  Maryland  and  over  1,000  potential  growth  regulators  were  tested,  but  the 
war  ended  before  any  of  them  could  be  tried  on  an  operational  scale. 

After  the  war,  the  rapid  development  of  2,4-D  followed  some  trials  for  dande- 
lion control  at  the  U.S.  Department  of  Agriculture  and  some  widely  publicized  tests 
on  golf  courses  and  on  The  Mall  in  front  of  the  Washington  Monument.  The  news  was 
out  and  everyone  wanted  the  new  compound  (Davis  1979).  In  less  than  10  years, 
growth  regulators  had  evolved  from  objects  of  fundamental  research  for  plant  phy- 
siologists to  material  with  practical  uses  in  regulating  growth  and  fruiting  to 
potential  military  weapons  and  finally  to  weapons  for  war  on  weeds. 
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The  actual  use  of  2,4-D  began  in  the  early  1940's.  In  June  1943,  John  F. 
Lontz  was  granted  patents  for  2,4-D  and  2,4, 5-T  assignable  to  E.I.  du  Pont  de 
Nemours  Company  and  soon  after  both  materials  were  produced  by  Amchem  Products  Inc., 
under  the  trade  name  of  Weedone  (House  et_  al.  1967).  At  the  time,  the  mode  of 
action  was  not  well  understood,  but  the  fact  that  they  worked  was  obvious.  In  1947, 
Dow  Chemical  discovered  that  2,4,5-T  was  particularly  effective  against  woody  vege- 
tation and  in  1948  it  was  registered  and  the  company  began  to  manufacture  it  for  use 
on  rights-of-way  and  similar  locations  where  shrub  control  was  intended  (Bovey  and 
Young  1980).  It  soon  became  a widely,  but  not  extensively  used  herbicide  in  the 
United  States,  Canada  and  elsewhere  in  the  world. 

In  piecing  together  the  story  leading  up  to  the  current  controversy,  we  can 
look  back  on  a tangle  of  apparently  disconnected  events.  The  first  of  these  concern 
the  occupational  hazards  associated  with  the  manufacture  of  trichlorophenol  in  which 
TCDD  may  be  produced.  Hay  (1979a),  Bovey  and  Young  (1980)and  Holmstedt  (1980)  list 
more  than  20  episodes  in  which  industrial  leakages  or  explosions  exposed  a total  of 
over  1,000  people  to  2,3,7,8-TCDD  since  1949.  Seven  of  these  involved  production  of 
2,4,5-T  and  the  remainder,  trichlorophenol  and  pentachlorophenol.  An  early  indica- 
tion of  exposure  is  the  appearance  of  chloracne,  an  acne-form  dermatitis  chiefly  of 
the  face,  neck  and  arms.  This  disorder  may  be  induced  by  a variety  of  hydrocarbon 
compounds  including  chlorinated  hydrocarbons,  paraffins  and  coal  tar  distillates, 
but  it  seems  to  be  consistently  associated  with  exposure  to  TCDD.  It  rarely 
persists  and  usually  clears  up  in  weeks  or  months  following  exposure  (Crow  1970; 
1978;  Taylor  1979). 

Other  episodes  involving  chlorinated  dibenzoparadioxins  occurred  in  1957,  and 
again  in  1969,  when  millions  of  domestic  chicks  died  in  broiler  hatcheries  in  the 
United  States  with  symptoms  described  as  "chick  edema".  The  cause  of  the  deaths  in 
1957  was  finally  traced  to  animal  fat  supplement  in  the  chick  ration  which  had  been 
extracted  from  hides  treated  with  a chlorophenol  preservative.  Again,  dibenzopara- 
dioxins were  the  lethal  agents  in  the  "toxic  fat"  (Cantrell  et_  al_.  1969;  Metcalfe 

1972) .  The  deaths  in  1969  were  traced  to  vegetable  oils  contaminated  by  leakages 
from  a process  producing  2,4, 5-trichlorophenol  and  pentachlorophenol  (Firestone 

1973) .  These  events  highlighted  the  extraordinary  toxicity  of  the  chlorinated 
dibenzoparadioxins,  but  up  until  1969  their  relation  to  2,4,5-T  was  appreciated  by 
only  a few  people. 

Research  on  defoliants  by  the  United  States  military  continued  until  the  end 
of  the  Korean  war  in  1955.  In  the  meantime,  much  of  what  had  been  learned  about 
herbicides  and  the  technology  of  application  had  been  turned  to  civilian  use,  mainly 
in  agriculture.  At  the  time,  requirements  for  approval  for  sale  and  application 
were  less  stringent  than  they  now  are  and  few  people  raised  any  objection  to  the  in- 
creasing use  of  pesticides  until  1962  when  the  public  was  suddenly  made  aware  of  po- 
tential hazards  by  Rachel  Carson's  book  Silent  Spring.  The  book  elicited  the  ex- 
pected rebuttals  from  manufacturers,  defensive  statements  by  government  agencies, 
over-zealous  support  from  private  individuals  and  organizations  and  the  usual  sensa- 
tional treatment  by  the  media.  All  this  tended  to  heighten  awareness  to  supposed 
dangers  but,  more  important,  it  stimulated  much  research  and  reassessment  of  methods 
of  managing  pesticides. 

Military  research  had  screened  some  12,000  compounds  at  Camp  Detrick  to  yield 
a few  hundred  candidate  herbicides  (House  et_  al.  1967).  In  1959,  a defoliation  ex- 
periment was  carried  out  at  Camp  Drum  in  New  York  State  in  which  an  undiluted  mix- 
ture of  butyl  ester  2,4-D  and  2,4,5-T  was  used  on  about  10  km^  of  forest  at  a rate 
of  7 1/ha.  Soon  after,  at  the  reguest  of  the  Vietnamese  government,  specia-  lists 
from  Camp  Detrick  carried  out  tests  in  Vietnam  in  1961  and  1963,  as  well  as  in 
forests  in  Texas  and  Puerto  Rico.  The  use  of  defoliants  in  war  was  officially 
approved  by  the  Vietnamese  government  early  in  1962  and  the  first  operational  appli- 
cations were  made  by  the  Vietnamese  Air  Force  in  November.  The  United  States  Air 
Force  initiated  its  progam,  Operation  Ranch  Hand,  in  December.  The  American  program 
employed  several  compounds  and  mixtures  on  both  forest  and  cropland,  but  the  most 
extensively  used  was  Agent  Orange,  a 50:50  mixture  of  undiluted  2,4-D  and  2,4,5-T 
(House  et  al.  1967).  It  has  been  estimated  that  between  1962  and  1971  some  81.8x10^ 
litres  of  these  mixtures  were  released  over  3.2x10^  ha,  a rate  of  about  29  kg  active 
ingredients  per  hectare  (Westing  1972).  About  40x10^  1 of  Agent  Orange  were  sprayed 
from  1965  to  1971.  About  199,580,000  kg  of  2,4,5-T  were  used  with  a possible 
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content  of  about  167  kg  of  2,3,7,8-TCDD  (NAS  1974;  WHO  1977a;  Bovey  and  Young  1980). 
Over  the  next  three  to  four  years  there  were  objections  to  the  program  on  grounds  of 
long-term  or  irreversible  ecological  damage,  danger  to  civilians  and  military  effec- 
tiveness (Pfeiffer  and  Oriens  1972).  Very  soon,  however,  another  aspect  came  into 
the  picture. 

In  1964,  following  the  thalidomide  tragedy,  the  National  Cancer  Institute  con- 
tracted with  Bionetics  Research  Laboratories  to  undertake  a screening  program  for 
potential  cancer-causing  materials,  including  2,4,5-T  (U.S.  Senate  1970;  1971; 
Firestone  1978;  Bovey  and  Young  1980).  By  the  summer  of  1966,  Bionetics  had  eviden- 
ce suggesting  that  the  herbicide  might  cause  birth  defects  in  rats  and  mice  (Innes 
et_  jal^  1969;  Wade  1971a).  A preliminary  report  was  submitted  in  September,  1968, 
but  does  not  seem  to  have  been  very  widely  circulated.  In  February,  1969,  an  NAS/ 
NRC  commission  studying  persistent  pesticides,  under  the  chairmanship  of  E.M.  Mrak, 
received  leaked  information  about  the  report,  but  had  difficulty  in  securing  a copy 
until  September  (Davis  1979).  In  July,  a student  researcher  Anita  Johnson,  working 
for  Ralph  Nader  obtained  a copy  from  a file  in  the  U.S.  Food  and  Drug  Administration 
and  word  of  it  passed  to  Prof.  M.S.  Meselson  at  Harvard  University  (Wade  1971a). 
Meselson  made  some  enquiries  of  contacts  in  the  White  House  as  to  its  status  and 
release  and  discovered  that  the  report  was  apparently  unknown  there.  Early  in 
October,  some  aspects  of  it  were  reported  in  the  press  (Epstein  1970;  Burger  1980; 
Whiteside  1970).  There  followed  a rapid  succession  of  announcements,  criticisms, 
legal  manoeuvering  and  public  hearings  which  served  to  fuel  the  argument. 

On  October  29,  the  President's  science  advisor,  Dr.  Lee  DuBridge,  made  a pu- 
blic announcement  of  the  Bionetics  findings  and  the  steps  to  be  taken  in  consequence 
of  the  suspicion  of  teratogenicity.  The  Department  of  Agriculture  was  to  cancel 
registrations  of  2,4, 5-T  on  food  crops  as  of  January  1,  1970.  Tolerance  limits  for 
2,4, 5-T  in  food  were  to  be  established.  Government  agencies  would  stop  using  it 
near  human  populations  and  the  military  would  confine  it  to  remote  areas.  Research 
and  dissemination  of  information  would  be  promoted  (Nelson  1969;  Wade  1971a).  The 
delay  in  announcing  the  results  of  the  study  was  defended  on  the  grounds  that  the 
dosages  were  far  beyond  levels  likely  to  be  encountered  in  the  environment  and  had 
been  administered  by  injection  rather  than  by  feeding.  Government  officials  did  not 
wish  to  cause  undue  alarm  before  further  studies  could  be  carried  out.  It  was  also 
said  that  the  statistical  procedures  used  were  being  carefully  reviewed. 

One  of  the  members  of  the  Mrak  Commission  was  Dr.  Julius  Johnson,  a Vice- 
President  and  Director  of  Research  at  Dow  Chemical.  When  the  Bionetics  findings 
were  announced  in  September,  he  offered  to  resign  from  the  Commission  (Johnson  1973) 
but  when  this  was  refused,  he  continued  his  investigations  and  discovered  that  the 
2,4, 5-T  used  in  the  Bionetics  tests  had  been  made  by  Diamond  Alkali  in  1964  and  that 
the  company  had  stopped  producing  2,4,5-T  before  1969.  In  November,  he  suggested  to 
the  Commisson  that  the  teratoqenic  effects  observed  were  probably  due  to  TCDD.  He 
made  the  same  sugestion  to  DuBridge  and  tests  were  undertaken  to  confirm  this  sus- 
picion. A sample  of  the  material  used  in  the  Bionetics  study  produced  the  typical 
chloracne  response  in  the  rabbit  ear  test  and  analysis  revealed  27±  8 ppm  of 
2, 3, 7, 8, -TCDD,  at  least  100-300  times  more  than  was  contained  in  current  production 
runs  (U.S.  Senate  1970;  1971;  Johnson  1971;  1973). 

Subsequently,  trials  with  2,4,5-T  with  less  than  0.5  ppm  TCDD  caused  no 
teratogenic  or  embryotoxic  effects  at  doses  up  to  24  mg/kg  per  day  in  rats  and 
40  mg/kg  in  rabbits.  Higher  doses  had  some  effects  (Emerson  et^  £1^.  1971;  Bovey  and 
Young  1980;  Sparschu  et_  jj1_.  1971a).  Experiments  with  TCDD  revealed  high  toxicity 
and  foetocidal  effects  in  rats.  The  oral  LD50  for  guinea  pigs  was  determined  to  be 
600  parts  per  trillion  in  food  (0.6  ug/kg  body  wt.).  Doses  of  0.125  mg/kg/day  were 
foetocidal  in  rats  (Sparschu  et^  al^.  1971a;  1971b;  Wade  1972;  Harris  et  al.  1973). 

In  February  1970,  the  Mrak  Commission  (1969)  report  appeared  with  a summary  of 
the  Bionetics  findings  and  a recommendation  for  restricting  exposure  to  some  phenoxy 
herbicides.  Very  little  happened  following  DuBridge's  announcement:  the  U.S.  Air 
Force  continued  to  use  Agent  Orange  on  the  grounds  that  it  had  always  been  used  in 
remote  areas.  The  U.S.  Department  of  Agriculture  delayed  suspension  pending  deter- 
miantion  of  tolerance  levels  in  food  by  the  U.S.  Food  and  Drug  Administration  and  by 
the  U.S.  Department  of  Health,  Education  and  Welfare.  The  realization  that  2,4,5-T 
was  being  used  extensively  in  Vietnam  prompted  public  concern  for  the  safety  of 
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American  troops,  civilians  and  for  the  long-term  survival  of  forests  and  croplands. 
There  were  press  reports  of  birth  defects  among  Vietnamese  babies  (Rose  and  Rose 
1972)  as  well  as  suspicions  that  Agent  Orange  was  carcinogenic  (Tung  et_  jd.  1973). 
These  gave  rise  to  concern  for  the  use  of  the  material  in  America.  Early  in  1968 
the  U.S.  State  Department  sent  Dr.  Fred  Tschirley,  a senior  scientist  in  USDA,  to 
Vietnam  to  assess  the  impact  of  the  defoliation  program  (Tschirley  1969),  and  soon 
after,  in  March  1970,  the  Society  for  Social  Responsibility  of  Science  sent  Dr. 
Gordon  G.  Orians  and  Dr.  E.W.  Pfeiffer  on  a similar  mission  (Orians  and  Pfeiffer 
1970;  Pfeiffer  and  Orians  1972).  Tschirley's  report  was  more  optimistic  in  saying 
damage  was  not  irreversible  and  that  fairly  rapid  recovery,  except  in  mangrove 
swamps,  could  be  expected.  He  recommended  research  and  monitoring.  Orians  and 
Pfeiffer  were  more  pessimistic  and  recommended  that  the  American  Association  for  the 
Advancement  of  Science  establish  an  international  research  program.  This  was  a con- 
tributiuon  to  an  on-going  controversy  in  AAAS  as  to  its  role  in  assessing  herbicides 
in  Vietnam  (Pfeiffer  and  Orians  1972;  Primack  and  Von  Hippel  1974).  Professor  M.S. 
Meselson  of  Harvard  was  appointed  to  set  up  the  Herbicide  Assessment  Commission 
which  began  its  work  in  February  1970.  It  reviewed  literature,  interviewed  a number 
of  people  in  the  United  States  and  spent  five  weeks  touring  Vietnam  in  the  summer. 
Another  report  by  the  President's  Science  Advisory  Committee,  Panel  on  Herbicides, 
under  the  chairmanship  of  Dr.  Colin  MacLeod  acted  on  instructions  from  DuBridge  and 
issued  a report  on  2,4, 5-T  in  March  1971.  It  immediately  ran  into  criticism  for 
bias  and  sympathy  with  the  army  and  industry  (Anon.  1971;  Burger  1980).  It  seems  to 
have  been  rejected  by  the  EPA  and  guickly  forgotten. 

All  the  while,  the  supposed  dangers  of  Agent  Orange  and  2,4, 5-T  were  getting  a 
good  deal  of  attention  in  the  media.  A particularly  influential  reporter  was  Thomas 
Whiteside  who  wrote  a series  of  articles  in  the  New  Yorker,  the  same  magazine  which 
had  launched  Rachel  Carson's  Silent  Spring  (Whiteside  1970;  1971;  1978;  1979). 
Growing  public  concern  and  especially  Whiteside's  articles  in  1970,  prompted  the 
U.S.  Senate  to  hold  public  hearings  (U.S.  Senate  1970;  1971).  In  April,  and  later 
in  June,  the  Subcommittee  on  Energy,  Natural  Resources  and  Environment  of  the 
Committee  on  Commerce  held  hearings  on  Effects  of  2,4, 5-T  on  Man  and  the 
Environment,  under  the  chairmanship  of  Senator  A.P.  Hart.  A number  of  interesting 
things  came  to  light.  On  April  15,  the  Surgeon-General  Dr.  Jesse  L.  Steinfeld,  read 
a joint  announcement  from  the  Departments  of  Agriculture,  Interior  and  Health, 
Education  and  Welfare  stating  that  all  uses  of  2, 4, 5-T,  except  on  rangeland  and 
forests  and  rights-of-way  remote  from  populated  areas,  would  be  suspended.  On  the 
same  day,  the  Department  of  Defense  announced  the  suspension  of  the  use  of  Agent 
Orange  in  Vietnam. 

The  hearings  also  learned  from  Julius  Johnson  that  Dow  Chemical  had  known  of 
the  presence  of  a chlorogenic  agent  in  trichlorophenol  since  the  1940's,  but  it  was 
not  until  1957  that  it  was  determined  to  be  2,3,7,8-TCDD.  This  was  something  that 
industrial  chemists  might  expect,  given  the  method  of  manufacture  (Johnson  1973). 
Its  toxic  effects,  however,  became  suspect  in  1964  when  cases  of  chloracne  among 
workers  in  a Dow  plant  led  to  its  closure  and  redesign  to  reduce  the  amount  of  TCDD 
to  less  than  1 ppm  (Johnson  1971;  1973).  By  this  time,  analytical  methods  were 
sufficiently  sophisticated  to  enable  detection  of  1 pmm  of  2,3,7,8-TCDD.  Dow  had 
advised  other  industrial  producers  of  the  hazard  and  in  1965  had  sponsored  an  indus- 
trial conference  to  share  its  experience  with  2,4, 5-T  and  TCDD  with  the  chemical 
industry.  Johnson  concluded  his  remarks  before  the  hearings  with  some  calculations 
to  show  that  levels  of  TCDD  likely  to  be  encountered  in  the  field  were  so  exceeding- 
ly minute  that  they  could  not  be  hazardous.  He  also  appealed  for  more  openness  in 
reporting  and  for  publication  in  order  to  ensure  peer  review  by  the  scientific 
community. 

A few  weeks  after  the  cancellation  order,  Dow  Chemical,  supported  by  three 
other  companies,  appealed  and  asked  for  restoration  of  the  use  of  2,4, 5-T  on  rice, 
for  the  establishment  of  a scientific  advisory  committee  and  for  public  hearings. 
Under  the  law  this  had  the  effect  of  restoring  the  use  on  rice  (Wade  1971a;  Aaronson 
1971). 


Almost  at  the  same  time,  in  May,  Courtney  £t  jd.  (1970)  reported  on  foetoxic 
and  teratogenic  effects  of  2,4, 5-T  on  two  strains  of  mice  and  one  of  rats.  This 
brief  paper  included  a footnote  added  after  conclusion  of  the  study  to  say  that  the 
2,4, 5-T  used  contained  about  30  ppm  of  2,3,7,8-TCDD. 
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However,  scientific  results  were  not  as  newsworthy  as  other  events  at  the 
time.  In  the  spring  of  1970,  it  was  reported  that  a number  of  reindeer  in  Lapland 
had  died  and  some  had  aborted  calves  in  an  area  sprayed  the  previous  summer  with  a 
mixture  of  2,4-D  and  2,4,5-T.  It  was  later  shown  that  the  animals  probably  died  of 
starvation  and  experiments  with  captive  reindeer  showed  that  the  herbicides  caused 
no  detectable  effects  at  the  application  rates  used  (Backstrom  1978;  Erne  1974; 
1978).  In  Globe,  Arizona,  there  were  public  hearings  to  look  into  complaints  of 
damage  to  vegetation  and  illness  among  domestic  animals  and  humans  following  appli- 
cation of  Silvex  to  a national  forest  nearby.  No  evidence  to  support  the  claims 
could  be  found,  but  the  hearings  were  followed  by  another  investigation  led  by 
Dr.  Tschirley,  who  had  been  sent  earlier  to  Vietnam,  but  he  could  not  find  any 
supporting  evidence  either.  Television  reporters  produced  an  emaciated  goat  said  to 
be  a year  old  and  suffering  from  the  effects  of  the  spray,  but  examination  of  its 
teeth  showed  it  to  be  at  least  five  years  old  and  suffering  from  malnutrition  (Bovey 
and  Young  1980). 

At  the  end  of  the  year,  the  AAAS  Herbicide  Assessment  Commission  reported  its 
findings  in  Vietnam  to  the  annual  meeting  in  Chicago  (Boffey  1971;  Meselson  1972; 
Meselson  £t^  al.  1972a;  1972b).  Among  other  things  it  said  that  with  the  evidence 
available  it  was  impossible  to  prove  or  disprove  the  human  teratogenicity  of  Agent 
Orange,  but  it  did  call  for  more  investigation.  Part  of  the  difficulty  lay  in  iden- 
tifying people  who  had  actually  lived  in  the  sprayed  areas.  Records  of  birth 
defects  in  city  hospitals  such  as  in  Saigon  were  distorted  by  the  high  percentage  of 
urban  patients.  The  Commission  was  critical  of  a joint  study  carried  out  by  a 
United  States  and  Vietnamese  medical  team  which  examined  the  records  of  22  hospitals 
from  1960  to  1969.  No  significant  deviations  in  the  proportion  of  birth  defects 
could  be  detected.  However,  when  the  AAAS  team  subtracted  urban  patients  from  the 
records  in  Saigon,  a large  increase  in  still-births  which  reached  a peak  in  1967, 
was  revealed.  No  causal  relationship  was  claimed.  A few  days  before  the  report  was 
presented,  the  Army  announced  the  phasing  out  of  herbicide  operations  in  Vietnam. 

Thus,  by  the  end  of  1970,  the  risks  associated  with  2,4,5-T  were  becoming  more 
and  more  uncertain  and  the  events  from  1971  through  1974  did  little  to  clarify  the 
issue.  Part  of  the  response  to  the  appeal  of  the  chemical  companies  to  the  restric- 
tions on  the  use  of  2,4,5-T  reguired  the  government  to  establish  a scientific  advi- 
sory committee  selected  by  USDA  from  a list  of  names  submitted  by  the  prestigious 
National  Academy  of  Sciences.  This  was  done  and  Dr.  James  G,  Wilson,  Professor  of 
Research  Pediatrics  and  Anatomy,  University  of  Cincinnati,  was  appointed  chairman. 
The  Committee  reported  that  it  considered  2,4,5-T  to  be  acceptable  with  no  serious 
health  risks  and  recommended  restoration  of  its  previous  uses,  provided  the  level  of 
2,3,7,8-TCDD  was  held  below  0.1  ppm  (Wilson  1971;  1973;  Firestone  1978). 

The  impact  of  the  report,  which  was,  of  course,  welcomed  by  the  industry  and 
users,  was  greatly  diminished  by  changed  political  circumstances  and  by  criticism 
from  the  scientific  community  (Aaronson  1971;  Holden  1971;  Wade  1971a;  1971b).  In 
December  1970,  responsibility  for  the  regulation  of  pesticides  was  tranferred  to  the 
United  States  Environmental  Protection  Agency  (EPA)  under  the  direction  of  W.D. 
Ruckelshaus.  The  new  administrator  inherited  the  advisory  committee  from  USDA  and 
was  soon  involved  in  a cross-fire  of  conflicting  recommendations.  Wilson's  commit- 
tee submitted  its  report  in  May  1971;  not  long  after,  it  was  leaked  to  the  scienti- 
fic press  (Aaronson  1971;  Wilson  1973).  It  was  attacked  inside  the  government  agen- 
cies as  well  as  by  the  scientific  community,  but  stoutly  defended  by  the  Society  of 
Toxicology  (Borzelleca  et_  1971;  Weinberg  1971).  Scientists  in  the  U.S.  Food  and 
Drug  Administration  criticized  it  because  it  had  neglected  that  agency's  studies  of 
teratogenicity.  The  EPA's  internal  review  seemed  not  to  have  given  it  as  rigorous  a 
scrutiny  as  it  might  have  done.  The  main  points  of  criticism  were:  first,  that  the 
Committee  apparently  assumed  that  there  was  probably  a no-effect  dose  level  for 
TCDD;  second,  that  the  substance  did  not  bioaccumulate;  third,  that  the  data  on  the 
rate  and  nature  of  breakdown  were  inconclusive;  and,  finally  that  it  placed  too  much 
reliance  on  unpublished  data  which  had  not  been  subjected  to  peer  review.  T.D. 
Sterling,  the  lone  dissenter  on  the  Committee  received  far  more  press  than  the 
substance  of  the  report  (Wilson  1973).  In  a minority  report  Sterling  was  critical 
of  some  of  the  data  and  experimental  designs  used  by  the  Committee.  He  suggested, 
for  example,  that  the  presumption  that  high  doses  were  needed  to  produce  teratogenic 
effects  was  related  to  the  fact  that  the  experiments  involved  relatively  high 
doses.  There  were  few  or  no  data  on  long-term  effects.  There  was  objection  that 
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the  Committee  had  not  called  any  active  research  scientists  as  witnesses  and  refused 
to  hear  testimony  from  environmental  groups.  Sterling  also  concluded  that  no 
serious  justification  had  been  presented  as  to  the  need  for  2,4, 5-T.  There  were 
even  suggestions  that  the  National  Academy  of  Sciences  had  not  acted  entirely  inde- 
pendently of  USDA  in  selecting  names  for  its  list  nor  had  USDA  been  as  thorough  as 
it  might  have  been  in  screening  members  for  conflict  of  interest  (Wade  1971b). 

In  the  face  of  the  criticism,  Ruckelshaus  rejected  the  Commitee's  advice  and 
in  August  announced  that  the  restrictions  of  2,4, 5-T  would  continue.  He  invited 
further  submissions  on  health  effects  in  preparation  for  public  hearings  (EPA  1971). 

In  October,  the  chemical  companies  won  a court  case  against  EPA  on  the  grounds 
that  the  agency  had  acted  without  taking  account  of  all  the  information,  but  they 
lost  soon  afterward  on  appeal  by  EPA.  In  November  1971,  EPA  issued  a list  of  "10 
points"  relating  to  guestions  and  deficiencies  in  data  to  which  the  industry  and 
others  were  invited  to  respond  (Bovey  and  Young  1980).  In  April  1972,  EPA,  as  the 
result  of  a court  order,  issued  a new  order  cancelling  all  uses  on  food  crops  (WHO 
1977b;  Southwick  1974). 

The  events  in  the  United  States  had  been  followed  closely  in  other  parts  of 
the  world.  The  herbicide  was  banned  in  Italy  and  the  Netherlands  in  1970  (ACSH 
1981).  Since  1970,  there  have  been  a senes  of  on  again,  off  again,  prohibitions  of 
its  use  in  forestry  in  Sweden.  In  May  1970,  the  Canadian  Government  cancelled 
registrations  for  use  around  homes  and  in  places  such  as  recreational  areas  and 
water  where  there  could  be  frequent  human  contacts.  It  was,  however,  continued  for 
brush  control  (Can.  Dept.  Agric.  1970).  In  Ontario,  the  Ministry  of  Health  asked 
the  Ontario  Pesticide  Control  Board  to  review  the  risks  of  using  2,4, 5-T  and  it 
found  no  reason  for  restriction  more  stringent  than  those  established  by  the  federal 
regulations. 

In  the  meantime,  the  U.S.  Defense  Department  faced  the  problem  of  disposing  of 
some  8.7  x 10^  1 (over  a million  kg  or  about  2.3  U.S.  gallons)  of  Agent  Orange  which 
was  in  storage  at  Gulfport,  Mississippi  and  on  Johnson  Island  in  the  Pacific. 
Sampling  revealed  that  this  material  contained  from  0.1  to  47  ppm  of  TCDD  (weighted 
mean  of  1.86  ppm).  The  material  manufactured  between  1965  and  1968  contained  a mean 
of  1.98  ppm  (0.02  to  15  ppm),  (Bovey  and  Young  1980;  Kearney  et  al.  1973).  Various 
procedures  were  considered  and  environmental  impact  assessments  prepared  until 
finally  in  1977  it  was  decided  to  incinerate  the  material  at  high  temperatures  on  a 
specifically  fitted  ship  in  the  Pacific  (D.S.  1973;  Shapley  1973;  Walsh  1977; 
Whiteside  1979). 

About  this  time,  yet  another  report  on  The  effects  of  herbicides  in  South 
Vietnam  was  released.  This  study  by  an  international  team  of  experts,  initiated  by 
NAS/NRC  in  September  1971,  confirmed  the  previous  reports  that  evidence  for  wide- 
spread harmful  effects  of  the  defoliation  program  on  human  health  and  reproduction 
was  lacking  or  inconclusive.  However,  the  commission  did  receive  many  reports  of 
illnesses,  deaths  of  domestic  animals  and  even  deaths  of  children  in  the  sprayed 
areas  (NAS  1974;  Norman  1974). 

From  1974  onward,  the  focus  was  on  2,3,7,8-TCDD.  The  foetoxic  effects  of  TCDD 
revealed  by  the  work  of  Courtney  et_  al_.  (1970)  and  others  and  the  continuing  contro- 
versy over  2,4, 5-T,  stimulated  research  on  dioxins  which  was  reviewed  at  a confe- 
rence in  April  1973  (Environmental  Health  Perspectives  5,  1973).  The  meeting  repor- 
ted on  sources,  toxicity,  environmental  persistence,  food  chain  accumulation  and 
related  aspects  of  TCDD  and  other  dioxins  and  showed  that  while  2,3,7,8-TCDD  was 
indeed  an  exceedingly  toxic  substance,  the  minute  amounts  in  2,4, 5-T  were  not  likely 
to  be  harmful  within  the  framework  of  the  usual  use  patterns. 

After  about  a year  of  court  actions,  EPA  announced  in  July  1973,  that  public 
hearings  on  2,4, 5-T  would  be  held  beginning  in  April  1974  (EPA  1973a)  and  followed 
up  with  a pre-hearing  conference  in  Washington  in  November  to  review  evidence  and 
request  responses  to  the  "10  points"  issued  earlier.  Responses  were  submitted  in 
January  1974  amidst  widespread  support  and  optimism  among  manufacturers,  agricul- 
turalists and  other  users  that  the  safety  of  2,4, 5-T  could  be  readily  demonstrated. 
In  March  1974,  several  of  the  parties  to  the  hearings,  including  USDA,  Dow  Chemical, 
EPA,  the  Environmental  Defense  Fund  and  others,  gathered  in  Washington  for  what  has 
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since  been  called  the  "rule-of-reason  conference".  At  this  meeting,  an  attempt  was 
made  to  marshall  the  facts  about  2,4, 5-T  in  an  atmosphere  free  from  legalistic  and 
adversarial  confrontation.  The  impact  of  the  conference  on  subsequent  events  will 
probably  never  be  known,  but  in  June,  on  the  day  public  hearings  were  to  begin,  EPA 
cancelled  the  hearings  and  restored  the  use  on  rice  and  some  other  food  crops  (EPA 
1974).  The  reason  given  for  this  decision  was  that  the  EPA  studies  of  the  dioxin 
2,4, 5-T  could  not  be  completed  in  time  because  of  analytical  problems  (ACSH  1981). 

Immediately  following  the  cancellation  of  public  hearings,  EPA  announced  the 
Dioxin  Implementation  Plan  which  was  to  undertake  a thorough  assessment  of  analyti- 
cal procedures  and  set  up  a scheme  for  monitoring  the  occurrence  of  dioxins  in  a 
wide  range  of  organisms.  The  growing  anxiety  about  the  risks  of  dioxins  was  rein- 
forced by  two  events.  The  first  was  an  incident  in  Missouri  in  an  arena  on  a horse 
breeding  farm.  The  earth  floor  had  been  sprayed  with  waste  oil  contaminated  with 
dioxins  to  control  dust.  Over  the  next  few  days  and  weeks,  hundreds  of  birds,  a few 
dogs  and  cats  and  numerous  rodents  were  found  dead.  A number  of  horses  exercised  in 
the  arena  became  ill  and  48  died.  In  spite  of  the  removal  of  soil,  deaths  among 
horses  continued  (Carter  et_  al_.  1975).  There  was  one  human  illness,  but  no  deaths 
(Beale  et^  al^.  1977).  Investigation  showed  that  the  oiled  soil  contained  about  33  ug 
of  2,3,7,8-TCDD/g,  apparently  derived  from  wastes  from  a hexachlorophene  plant  which 
had  been  mixed  in  the  oil. 


The  second  and  more  widely  known  event,  was  the  explosion  at  the  Givaudan-La 
Roche  ICMESA  plant  in  Seveso,  Italy,  on  July  10,  1976  (Hay  1976a;  1976b;  Pocchiairi 
et_  al . 1979;  Homberger  et  al_.  1979).  In  this  case,  a retort  used  in  the  manufacture 
of  trichlorophenol  to  make  hexachlorophene  antiseptic  exploded  and  contaminated 
about  2 km  , occupied  by  about  5,400  people,  with  a mixture  of  hot  chemicals  inclu- 
ding concentrated  sodium  hydroxide  and  between  1.5-2  kg  of  TCDD.  Although  precau- 
tionary measures  were  not  taken  at  once,  the  most  heavily  contaminated  area  was 
finally  evacuated  and  various  environmental  and  medical  surveys  were  undertaken  from 
which  much  information  on  the  effects  of  extremely  high  levels  of  TCDD  is  being 
derived.  In  all,  about  30,000  people  were  potentially  exposed  to  some  degree 
(Carriern  1978;  Homberger  et_  al.  1979;  Holmstedt  1980;  Pocchiairi  et  al.  1979). 
Many  domestic  animals,  mainly  rabbits,  guinea  pigs  and  poultry  died  within  a few 
days,  probably  from  eating  contaminated  food.  Some  larger  animals  such  as  cattle, 
sheep,  horses,  goats  and  pigs  died  within  two  months  (Fannelli  et  al.  1980).  About 
77,000  domestic  animals  were  slaughtered  in  the  surrounding  area  to  guard  against 
possible  transfer  of  the  dioxin  in  the  food  chain.  About  185  cases  of  skin  lesions 
were  found  in  a sample  of  over  32,000  people.  A few  of  these  were  chloracne  and 
subseguent  surveys  turned  up  some  more  (Pocchiairi  j^t  al^.  1979).  Some  neurological 
effects  and  liver  dysfunctions  may  have  been  related  to  exposure  to  TCDD,  but  little 
else  of  medical  significance  has  been  attributed  to  the  disaster.  However,  the 
numerous  studies  are  by  no  means  complete  (Pocchiairi  at_  jd_.  1979;  Hay  1979a, 
Reggiani  1979;  Homberger  £t_  al.  1979). 


Media  reports  of  these  incidents  served  to  heighten  awareness  to  dioxins. 
Then  in  March  1978,  the  Columbia  Broadcasting  System  showed  Agent  Orange-Vietnam's 
Deadly  Fog  on  Chicago  television.  This  program  and  others  like  it  (Grenada  Films  - 
The  Final  Harvest,  A Plague  on  Our  Children  (NOVA),  quickly  caught  the  interest  of 
Vietnam  veterans  who  had  been  exposed  to  defoliants  or  had  been  involved  in 
Operation  Ranch  Hand.  A number  of  them  immediately  made  claims  for  various  medical 
problems  which  were  said  to  be  related  to  exposure  to  Agent  Orange  (Hay  1979b).  By 
1979,  a coalition,  Agent  Orange  Victims  International,  had  been  formed  to  support 
the  demands  for  recognition  of  their  claims  (Anon.  1980a;  Holden  1979).  Numerous 
law  suits,  including  a class  action  on  behalf  of  4.2  million  veterans  was  launched 
(Hansen  1981;  Gunby  1979)  and  the  government  came  under  considerable  pressure  to 
conduct  epidemiological  studies  of  veterans  (Anon.  1980b;  1980c;  Gunby  1980). 


By  April  1978,  EPA  had  gathered  enough  data  to  satisfy  itself  that  2,4, 5-T  had 
to  be  reassessed.  Accordingly,  it  gave  notice  of  an  RPAR  proceeding  (rebuttable 
presumption  against  registration)  on  2,4, 5-T  (EPA  1978).  This  procedure  calls  for 
responses  from  manufacturers  and  other  interested  parties  to  support  the  continued 
registration  of  the  product  under  review.  By  August,  Dow  and  other  companies  were 
making  submissions.  The  procedure  was  grinding  ahead  until  it  was  suddenly  halted 
on  February  28,  1979  by  EPA  declaring  it  had  evidence  of  imminent  hazard  from 
2,4, 5-T  and  immediately  suspended  sales  and  all  uses  except  on  rangeland  and  rice 
(EPA  1979a;  1979b;  Smith  1979). 
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The  events  leading  up  to  this  decision  began  in  June  1978,  when  EPA  received 
a letter  signed  by  eight  women  living  in  the  Alsea  area  in  coastal  Oregon  (O'Neill 
1979)  reporting  that  since  1973  they  had  experienced  ten  miscarriages  which  they 
associated  with  spraying  with  2,4, 5-T  in  forests  near  their  community.  Investiga- 
tion found  no  clear  relationship  between  herbicide  spraying  and  miscarriages,  but 
reviewers  in  EPA  considered  that  a more  intensive  study  was  warranted.  Accordingly, 
in  October,  a team  of  epidemiologists  and  medical  specialists  from  several  universi- 
ties designed  a study  to  review  data  from  a six-year  period  from  the  Alsea  area  and 
from  two  "control"  areas,  one  urban  and  one  rural,  where  2,4, 5-T  was  thought  not  to 
be  used.  The  report,  submitted  in  February  1979,  stated  that  there  seemed  to  be  an 
elevated  abortion  index  in  Alsea  in  comparison  to  the  controls.  The  final  sentence 
read: 


For  all  its  complexity,  however,  the  analysis  is  a corre- 
lation analysis,  and  correlation  does  not  necessarily  mean 
causation  (EPA  1979c). 

In  spite  of  this  reservation,  EPA  regarded  the  results  to  be  sufficiently 
significant  for  it  to  recognize  the  imminent  hazard  necessary  for  the  suspension  of 
2,4, 5-T  for  most  uses. 

The  report  was  promptly  subjected  to  numerous  reviews  in  the  United  States  and 
other  countries  including  Canada,  the  U.K.,  New  Zealand  and  Australia  (Kilpatrick 
1980).  Scientists  and  medical  reviewers  were  unanimous  in  condemning  it  for  inade- 
guacies  of  design,  neglect  of  essential  information  and  statistical  shortcomings  and 
failure  to  document  exposure  to  2, 4, 5-T.  None  could  conclude  that  the  data  suppor- 
ted a causal  connection  between  miscarriages  and  forest  spraying  (Anon.  1980d; 
Davidson  1980;  Cook  1980;  Witt  1980).  In  retrospect,  however,  it  may  have  been  that 
EPA  seized  on  the  report  as  an  additional  component  to  a case  against  2, 4, 5-T  which 
the  agency  had  been  building  up  for  some  time  (Warren  et_  slK  1980). 

By  the  middle  of  March,  the  Canadian  federal  authorities  had  a copy  of  the 
report  and  guickly  concluded  that  it  was  not  an  adequate  basis  for  changing  regula- 
tions. In  Ontario,  the  Pesticide  Advisory  Committee  began  its  review  early  in  April 
in  order  to  advise  the  Minister  of  the  Environment,  but  the  issue  quickly  became 
obscured.  Sensational  media  reports  and  questions  in  the  legislature  served  to  con- 
fuse the  public  and  politicians  alike.  The  Committee  advised  the  Minister  that 
there  was  no  scientific  basis  for  changing  provincial  regulations.  The  Minister 
accepted  this  view,  but  in  deference  to  what  he  considered  to  be  widespread  public 
anxiety  over  the  safety  of  2,4, 5-T,  he  suspended  its  use  except  by  special  permit 
which  effectively  prevented  its  use. 

A few  days  after  the  Washington  announcement,  the  Minister  of  the  Environment 
in  British  Columbia  suspended  the  use  of  2,4, 5-T  for  four  months  to  allow  time  for 
investigation.  At  the  end  of  June  it  was  announced  that  2,4, 5-T  would  again  be 
available  in  October,  but  under  more  stringent  licensing  control  than  before.  In 
Saskatchewan,  a scientific  panel  at  the  University  asssessed  the  hazards  of  2,4, 5-T 
and  in  July  reported  that  there  were  no  significant  risks  but  the  provincial  govern- 
ment, apparently  in  ignorance  of  the  assessment,  decided  in  October  to  ban  the  use 
of  2,4, 5-T,  at  least  until  April  1980  (Anon.  1980e).  None  of  the  other  provinces 
took  action  against  the  herbicide.  Ontario  Hydro  sold  some  of  its  2,4, 5-T  to  a 
purchaser  in  New  Brunswick  early  in  1980. 

In  the  United  States  there  was  an  immediate  outcry.  Apart  from  the  fact  that 
the  Alsea  report  could  not  be  regarded  as  authoritative,  many  people  were  puzzled  as 
to  why  2,4, 5-T  could  still  be  used  on  rice  and  on  rangeland  if  there  were  concerns 
regarding  2,4, 5-T  or  TCDD  in  the  human  food-chain.  The  Dow  Chemical  Company,  sup- 
ported by  20  other  registrants  sued  EPA  in  the  spring  of  1979  on  the  grounds  that  it 
disrupted  the  orderly  RPAR  procedure  and  had  disregarded  the  masses  of  data  assem- 
bled in  support  of  2, 4, 5-T.  The  suit  was  given  a sympathetic  hearing  in  April,  but 
the  trial  judge  reluctantly  ruled  in  favour  of  EPA  (Davidson  1980). 

In  June,  the  American  Farm  Bureau  Federation  sponsored  a dispute  resolution 
conference  organized  by  Dr.  Tschirley.  This  was  another  rule-of-reason  approach  in 
which  an  international  group  of  about  60  scientists  active  in  research  and  some  50 
observers  met  to  assess  the  hazardous  properties  of  2,4, 5-T  and  TCDD.  A senes  of 
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technical  panels  met  for  detailed  reviews.  The  conference  concluded  that  2,4,5-T 
could  be  safely  used  in  the  ways  it  had  been  for  many  years  (Amer.  Farm  Bureau  Fed. 
1979). 


In  July,  EPA  announced  that  a hearing  on  2,4,5-T  would  be  held  some  months 
hence.  It  appeared  that  the  agency  was  now  downplaying  the  Alsea  report,  although 
it  continued  to  amend  some  of  the  fiqures  it  contained  (Cook  1980).  Instead  it 
began  to  emphasize  the  work  on  TCDD  by  J.R.  Allen  and  his  colleagues  at  the  Univer- 
sity of  Wisconsin  in  a large  research  project  using  rodents  and  monkeys  as  test  ani- 
mals. They  reported  that  exceedingly  low  doses  of  2,3,7,8-TCDD  fed  in  the  diet  over 
periods  of  months  disrupted  reproduction  in  rats  and  monkeys  (Allen  et_  al .1977a; 
1977b;  1977c;  Barsotti  jet  slL  1979;  Van  Miller  _et_  al.  1977).  The  agency  was  also 
planning  to  support  its  case  further  by  citing  studies  in  Sweden  carried  out  by  Olav 
Axelson,  L.  Hardell  and  their  colleagues.  These  investigators  studied  the  histories 
of  railway  and  forestry  workers  who  had  been  involved  over  several  years  in  spraying 
rights-of-way  with  phenoxy  herbicides  and  other  compounds.  They  claimed  to  have 
detected  increases  in  the  incidence  of  soft  tissue  sarcomas  among  workers  who  had 
experienced  occupational  exposure  to  phenoxy  compounds  (Axelson  and  Sundell  1974; 
1977;  Axelson  1979;  Eriksson  jet  al^ . 1979;  1981;  Axelson  et  al.  1980;  Hardell  1979; 
Hardell  and  Sandstrom  1978;  1979;  Hardell  j3t  al.  1981). 

While  assembling  its  case,  EPA  was  under  a legal  obligation  to  have  its  Scien- 
tific Advisory  Panel  review  the  available  data  on  2,4,5-T.  The  Panel  reported  in 
September  1979,  cleared  the  compound  as  safe  if  used  according  to  approved  practices 
and  advised  against  holding  hearings.  It  urged  a careful  review  of  the  ongoing 
research  on  TCDD  and  recommended  studies  of  residues  in  the  human  food  chain,  inclu- 
ding milk  and  beef.  Here  was  another  scientific  group  saying  that  the  dangers  of 
2,4,5-T  had  been  overrated  (Hay  1979c;  EPA  1979d). 

In  October  there  was  a further  complication  when  it  became  known  that  Prof. 
Allen  at  Wisconsin  had  appropriated  a few  hundred  dollars  from  his  grants  to  pay  the 
expenses  of  himself  and  his  son  for  a skiing  excursion  undertaken  while  on  a busi- 
ness trip  to  Colorado.  He  appeared  in  court,  was  convicted  and  resigned  from  the 
University.  Investigators  from  EPA  were  later  critical  of  his  laboratory  procedures 
and,  subsequently,  PCB's  were  alleged  to  have  been  found  in  tissues  from  some  of  the 
monkeys  used  for  his  studies  of  TCDD.  If  true,  the  laboratory  was  contaminated  or 
the  animals  had  been  used  for  earlier  experiments  with  PCB's  (Broad  1980;  Warren  et^ 
al.  1980). 

In  the  meantime,  new  elements  had  been  added  to  the  controversy.  In  November 
1977,  the  Dow  Chemical  Company  confirmed  the  discovery  of  polychlorinated  dibenzo- 
para-dioxins,  including  TCDD,  among  combustion  products  from  a variety  of  sources 
including  thermal  power  plants,  incinerators,  automobile  exhaust  emissions  and  in 
fly  ash  (NRC  1978;  Smith  1978;  Bumb  £t  a^.  1980;  Crummett  et^  al . 1981).  If  in  fact, 
TCDD  in  measurable  amounts  is  routinely  produced  from  widespread  combustion  proces- 
ses, separating  out  the  miniscule  amounts  coming  from  2,4,5-T  would  be  impossible. 
Moreover,  it  was  soon  apparent  that  there  were  other  sources  in  waste  disposal  sites 
and  in  pentachlorophenol  products  (NRC  1981a).  The  presumed  hazard  of  2,4,5-T  was 
suddenly  presented  in  a new  perspective,  but  again  the  picture  was  blurred  as  far  as 
the  general  public  was  concerned  by  the  reported  discovery  of  "dioxins"  in  2,4-D 
(Cochrane  et_  al.  1981).  The  fact  that  2,3,7,8-TCDD  was  not  among  the  compounds 
reported  was  generally  overlooked  by  the  media  and  once  again  there  was  an  ill- 
informed  outcry  about  the  hazards  of  2,4-D. 

In  Washington  the  long  awaited  hearings  began  in  January  1980,  with  EPA  and 
Dow  marshalling  their  arguments  and  a formidable  list  of  international  expert  wit- 
nesses. The  EPA  case  rested  on  the  high  toxicity  of  TCDD  and  on  the  epidemiological 
evidence  from  Sweden  and,  to  some  extent,  from  Alsea.  The  Swedish  studies  were  cri- 
ticized . because  virtually  all  of  the  data  in  them  were  based  on  interview  and  ques- 
tionnaires completed  by  those  claiming  to  have  been  exposed  to  phenoxy  herbicides. 
In  cases  of  deceased  persons,  questionnaires  were  completed  by  next  of  kin.  Methods 
of  this  kind  are  subject  to  many  biases  including  varying  ability  to  recall  events 
and  differences  in  responses  of  cases  in  comparison  to  controls.  Responses  are  also 
likely  to  be  biased  by  the  impact  of  publicity  in  the  media  relating  to  the  presumed 
hazards  of  pesticides,  Confirmatory  evidence  as  to  deqree  of  exposure  and  exposure 
to  other  risks  was  lacking.  Moreover,  critics  claimed  that  it  was  unlikely  that  the 
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tumour  types  reported  could  all  be  traced  to  a single  cause  nor  where  they  likely  to 
have  been  produced  by  doses  received  by  those  claiming  exposure. 

Although  previously  discredited,  the  Alsea  report  still  continued  to  figure  in 
the  debate.  As  recently  as  January  1982,  a private  environmental  group  applied  to 
have  it  reassessed  by  the  National  Academy  of  Sciences,  an  agency  perceived  to  be 
more  objective  than  the  numerous  other  reviewers  (Anon.  1982). 

The  argument  over  the  long-term  effects  of  low  exposure  to  TCDD  remained  un- 
resolved, but  recent  evidence  suggests  that  it  may  not  be  as  dangerous  to  man  as  it 
was  at  first  considered  to  be.  No  deviations  from  normal  mortality  patterns  were 
observed  among  industrial  workers  accidently  exposed  to  high  levels  16  and  31  years 
ago  (Ott  ^t  sd.  1980;  Cook  sd.  1980;  Zack  and  Suskind  1980).  No  long-term  data 
from  Seveso  are  available  yet,  but  early  indications  are  optimistic. 

The  arguments  continued  as  each  side,  often  using  the  same  data,  sought  to 
show  that  2,4j5-T  was  or  was  not  a significant  environmental  risk.  But  in  the  end 
there  was  to  be  no  resolution  to  the  debate  because  in  May,  1981,  the  EPA  suddenly 
requested  a recess  to  permit  negotiations  for  a settlement  outside  the  hearings. 
And  there  is  where  the  matter  stands. 


7.5  LESSONS  TO  BE  LEARNED 

What  can  be  learned  from  twelve  years  of  debate  beginning  with  the  revelation 
of  the  Bronetics  study  in  October  1969?  Why  has  it  taken  so  long  to  establish  the 
risks  of  2,4, 5-T?  The  main  sources  of  difficulty  were  the  initial  lack  of  informa- 
tion and  the  fact  that  the  regulatory  agencies  were  taken  by  surprise.  In  such  a 
situation  governments  must  respond  to  public  demand  for  information  and  for  action 
to  ensure  safety  but  ignorance  makes  an  adequate  response  impossible  and  sensational 
and  inaccurate  media  reporting  results  in  a crisis  of  confidence  in  the  responsible 
government  agencies  and  in  scientists.  In  this  phase  perceptions  of  the  problem  by 
the  public  is  set  and  is  soon  reflected  in  the  actions  of  politicians.  It  is  then 
virtually  impossible  to  correct  false  concepts  quickly.  The  subsequent  wrangle 
among  conflicting  interpretations  drags  on  as  the  slow  re-education  of  all  the 
participants  takes  place  as  more  and  more  information  is  gathered. 

Although  there  had  been  some  protests  among  the  public  and  particularly  among 
a few  scientists  over  the  use  of  herbicides  in  Vietnam,  it  was  not  until  1969  when 
the  results  of  the  Bionetics  study  and  the  work  of  Courtney  and  her  colleagues  be- 
came known,  that  the  United  States  government  began  to  respond.  The  response  could 
not  be  made  on  strictly  scientific  grounds  since  ignorance  made  that  impossible,  but 
the  situation  was  made  worse  by  the  fact  that  the  White  House  was  taken  by  surprise 
and  its  response  was  more  political  than  scientific.  At  that  time,  we  simply  did 
not  know  enough  to  make  a reasonable  assessment.  Even  now,  our  understanding  of  the 
possible  deleterious  effects  of  2,4, 5-T  and  TCDD  is  based  on  relatively  few  experi- 
mental studies  and  even  fewer  retrospective  epidemiological  studies  of  occupational 
exposure.  Even  so,  we  probably  know  more  about  2,4, 5-T  and  TCDD  than  we  do  about 
almost  any  other  potentially  harmful  compounds.  An  extraordinary  effort  has  been 
expended  to  gather  facts  and  to  evaluate  them.  Advances  in  analytical  techniques, 
still  regarded  as  inadequate  by  chemists  (NRC  1981b),  permit  the  detection  of  TCDD 
at  part  per  trillion  and  the  sorting  of  the  numerous  isomers.  Long-term  toxicity 
tests,  while  becoming  more  and  more  sophisticated,  still  are  plagued  by  species  and 
by  species  and  varietal  variations  and  statistical  problems  arising  from  small 
numbers  of  test  animals.  The  transfer  of  data  from  mice  to  men  is  still  a problem, 
but  we  have  no  substitute  for  experimental  animals.  In  the  case  of  TCDD,  there  may 
be  good  reason  to  suppose  that  man  is  among  the  less  sensitive  of  mammals  if  the 
example  of  Seveso  and  some  other  industrial  accidents  are  a guide. 

Moreover,  a rational  risk  assessment  was  confounded  by  the  media  which  has  had 
both  negative  and  positive  effects.  Certainly  outspoken,  if  not  sensational,  repor- 
ting of  the  controversy  fueled  public  concern  and  forced  governments  and  industry  to 
reply  to  criticism  and  set  up  research.  At  the  same  time,  the  prospects  for  a coor- 
dinated research  program  with  an  effective  peer  review  associated  with  a credible 
public  information  program  was  slowed  down,  made  more  difficult  and  certainly  more 
expensive  because  of  inaccurate,  premature  and  possibly  irresponsible  reporting. 
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Scientists  and  government  agencies  became  very  wary  about  releasing  results.  The 
consistent  practice  of  media  in  stressing  toxicity  and  the  supposed  teratogenic  and 
carcinogenic  effects  of  both  2,4, 5-T  and  TCDD  to  the  almost  total  neglect  of  the 
probability  of  exposure  (dose),  and  to  persistence  misled  the  public  and  politicians 
and  raised  unnecessary  anxiety  among  Vietnam  veterans.  New  information  as  it  became 
available  should  have  helped  to  clarify  the  situation,  but  often  it  was  relayed  to 
the  public  inaccurately,  out  of  context  or  in  a sensational  manner.  For  example, 
Agent  Orange  appeared  to  many  to  be  the  same  or  very  similar  to  2, 4, 5-T.  The  appli- 
cation rate  in  Vietnam  was  somehow  eguated  to  amounts  used  in  agriculture  and  fores- 
try. All  the  numerous  dioxins  are  often  lumped  together  without  distinguishing 
2,3,7,8-TCDD.  Occupational  exposure  is  confused  with  exposure  of  the  general 
public.  There  were  numerous  references  to  "cancer-causing"  dioxins  and  to  birth 
defects  without  any  reference  to  the  probability  of  exposure  or  doses  required  to 
produce  these  effects.  It  is  no  wonder  that  the  public  and  many  decision-makers 
were  alarmed. 

It  is  easy  to  blame  the  media  but  others  are  also  at  fault.  There  have  been, 
for  exammple,  several  reports  from  government  and  non-government  agencies  which 
should  have  made  major  contributions,  but  often  fell  short  of  credibility.  The 
reports  of  AAAS  (1971;  1972)  and  the  National  Academy  of  Sciences  (1974)  were  unable 
to  find  evidence  of  serious  health  effects  in  Vietnam  but  they  had  a precarious  data 
base  and,  therefore,  lacked  conviction.  Four  reports  gave  2,4, 5-T  a clean  bill,  but 
they  were  not  always  well  received.  The  report  of  the  President's  Advisory  Comm. 
(1971)  and  the  Wilson  report  (1971)  were  both  criticized  because  they  were  not  com- 
prehensive and  appeared  to  be  biased.  The  dispute  resolution  conference  and  the 
report  of  EPA's  Scientific  Advisory  Committee  came  off  rather  better  but  did  not 
succeed  in  discouraging  EPA  in  pushing  ahead  with  expensive  preparations  for  hea- 
rings which  were  soon  recessed.  And  then  there  was  the  Alsea  report,  government 
sponsored,  hastily  reviewed  and  used  as  a key  document  in  a major  decision  but  at 
once  denounced  as  inadequate  by  the  international  scientific  community.  In  Canada, 
the  report  and  furor  which  accompanied  it  did  not  cause  any  change  in  Federal  regu- 
lation but  in  at  least  one  province  public  opnion  and  political  pressure  forced  a 
virtual  ban  of  2,4, 5-T  in  spite  of  extensive  scientific  evidence  that  the  risks  were 
apparently  insignificant. 


7.6  CONCLUSION 

The  history  of  2,4, 5-T  is  a good  example  of  the  principle  that  risk  assessment 
involves  much  more  than  cool-headed  evaluation  of  scientific  data.  When  the  problem 
was  first  perceived,  there  was  not  enough  information  for  a rational  judgement. 
Politics  became  a factor  and  the  extent  to  which  this  element  motivated  the  persis- 
tent action  of  EPA  to  restrict  or  prevent  the  use  of  2,4, 5-T  in  the  face  of  advice 
to  the  contrary  may  never  be  known.  Certainly  public  anxiety  and  the  politics  of  a 
minority  government  caused  the  change  in  regulation  in  Ontario.  The  public  and 
special  interest  groups  such  as  Vietnam  veterans,  had  made  their  judgements  on  the 
basis  of  media  reports  and  had  become  suspicious  of  scientists  who  seemed  unable  to 
agree. 


The  story  of  2,4, 5-T  is  not  exceptional.  There  have  been  and  there  will  be 
other  environmental  crises  in  which  the  public  and  decision-makers  press  for  quick 
definitive  answers  and  certainty  from  scientists  who  by  the  very  nature  of  there 
method  expect  change  and  uncertainty.  There  is  a fundamental  dichotomy  in 
expectation.  We  can  never  be  ready  for  every  environmental  crisis  but  we  can  be 
prepared  to  deal  with  them  more  rationally  by  recognizing  that  risks  are  inevitable 
and  that  the  best  we  can  do  is  to  attempt  to  ameliorate  them.  This  can  only  be 
attempted  by  a judicious  blending  of  distilled  scientific  data  squeezed  through  the 
filter  of  peer  review  and  of  experienced  subjective  judgements  of  the  social  and 
political  factors.  This  is  a continuous  interactive  process  as  information  comes  in 
which  results  in  gradually  improved  risk  assessment.  Those  who  desire  quick  answers 
and  absolute  certainty  are  doomed  to  disappointment. 
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However,  this  case  is  no  different  from  other  environmental  problems.  Most  of 
them  take  us  by  surprise  and  we  have  to  marshall  resources  quickly  to  collect  infor- 
mation. It  is  at  this  stage  that  the  public  forms  an  erroneous  or  overly  simplistic 
view  of  the  situation  and  defensive  statements  made  by  civil  servants  and  politi- 
cians set  the  stage  for  the  prolonged  period  of  re-education  which  must  follow  as 
new  information  becomes  available.  We  will  probably  see  many  repetions  of  this 
process  until  there  is  a general  acceptance  of  the  inevitability  of  environmental 
and  other  risks  in  life  and  a better  appreciation  of  how  the  scientific  enterprise 
works.  The  essence  of  the  scientific  method  is  uncertainty.  Scientists  are  in  the 
habit  of  living  with  uncertainty  and  they  expect  to  be  ignorant  and  to  have  to 
change  their  minds.  The  public,  politicians,  the  media  and  especially  decision- 
makers seek  certainty  but  are  doomed  to  disappointment. 
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8.1  INTRODUCTION 

The  transportation  of  hazardous  materials  has  become  a necessity  in  our  indus- 
trial society.  Accidents  may  occur  at  any  point  in  production,  transportation  and 
end-use  with  the  possibility  of  personal  injury  or  property  damage  but  the  proba- 
bility for  injury  or  damage  to  innocent  third  parties  is  usually  greatest  during 
transportation. 

In  this  case  study  gasoline  is  chosen  as  a good  example  of  transportation  of  a 
hazardous  material  for  several  reasons:  it  is  an  essential  material  with  few 
practical  alternatives  to  its  continued  use.  Its  flammability  properties  are  known 
to  the  public.  Being  a consumer  product  much  of  the  transporation  is  in  areas  of 
high  population  density.  Large  guantities  of  material  are  involved  representing  a 
dominant  fraction  of  all  the  products  of  the  important  Canadian  petroleum  industry. 
It  is  moved  by  most  of  the  common  means  of  transportation  allowing  some  comparison 
of  these  methods.  Because  of  its  ubiguitous  nature  and  wide  distribution,  it  is 
present  in  a variety  of  environments,  thus  broadening  the  range  of  possible 
problems. 


8.2  RISK  MANAGEMENT  IN  INDUSTRY 

Before  looking  specifically  at  gasoline  handling  practices,  it  is  helpful  to 
review  some  basic  aspects  of  risk  management  in  industry.  In  addition,  the  common 
public  view  of  a transportation  risk,  which  is  regarded  in  terms  of  injury  to 
members  of  society  or  damage  to  their  property,  needs  to  be  expanded. 

Firstly,  it  is  useful  to  place  risks  into  two  categories:  (a)  those  which  can 
be  described  and  compared  in  monetary  terms,  and  (b)  those  relating  to  death, 
injury,  loss  of  amenity,  environmental  damage  which  cannot  be  guantified  so  easily 
and  where  perception  and  sujective  judgement  are  determining  factors. 

Secondly,  it  is  important  to  ask  the  question  "Risk  to  whom?".  One  can  think 
of  a company  as  having  different  "stakeholders"  or  groups  of  people  who  are  affected 
in  some  way  by  the  company's  activities,  and  accordingly  by  the  risks  the  company 
takes.  These  stakes  can  be  described  as  the  owners,  the  employees,  the  customers, 
the  suppliers  and  the  members  of  the  surrounding  community  or  the  members  of  society 
in  general.  Most  of  these  receive  some  benefit  from  the  company's  activities  and 
each  shares  some  risk  in  its  activity.  The  owners  or  shareholders  of  course  are 
dominant  stakeholders  because  it  is  they  who  take  the  monetary  risk  of  investing 
funds  towards  a hoped-for  benefit  of  profit,  or  return  on  investment. 

The  company's  management  has  a responsibility  to  each  of  these  groups  to 
maximize  benefits  from  the  company's  operation  and  minimize  risks.  Discharging 
responsibility  to  one  group  may  help,  or  conversely  may  conflict,  in  discharging 
responsibility  to  the  other  groups.  Management  decisions,  of  course,  will  give 
priority  to  the  interests  of  the  owner  who  is  the  manager's  employer.  The  interplay 
of  these  reponsibilities  is  very  complex,  but  in  the  narrower  context  of  the 
handling  of  hazardous  goods  in  this  study,  a few  points  are  worth  comment. 


8.3  RISK  TO  THE  OWNER 

The  risks  and  benefits  to  the  owner  can  almost  always  be  expressed  in  monetary 
terms.  This  study  concentrates  on  accidents  but  these  are  only  part  of  a larger 
risk  area  assumed  by  the  owner  which  includes  what  might  be  loosely  called  commer- 
cial risks.  These  are  risks  to  the  well-being  of  the  business  that  relate  to  compe- 
titive pressures  on  prices,  loss  of  market,  and  rising  labour  costs,  increased  cost 
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of  taxes  and  government  regulations  and  so  forth.  Insofar  as  an  accident  can  be 
reduced  dispassionately  to  monetary  terms,  whether  as  property  damage  or  court 
judgements  on  claims  by  injured  parties,  it  can  be  treated  as  another  component  of 
cost  which  must  be  minimized.  In  these  terms,  the  owner,  or  manager  acting  on  the 
owners'  behalf,  will  direct  funds  towards  accident  and  risk  reduction.  He  will 
continue  to  do  so  only  to  the  point  that  the  incremental  cost  of  accident  reduction 
is  less  than  the  incremental  reduction  in  cost  of  the  accident  avoided.  This  is 
shown  diagramatically  in  Fig.  8.1  where  the  slope  of  curve  C is  zero  and  where  the 
slopes  of  curves  A and  B are  equal  and  opposite.  Note  that  this  is  not  zero  risk. 
There  is  a level  of  risk  which  is  financially  acceptable  and  in  fact  desirable  in 
the  financial  sense.  Any  level  of  risk  due  to  accidents  either  above  or  below  this 
point  increases  the  company's  cost,  and  moves  away  from  the  optimum  overall  risk- 
benefit  balance  assumed  by  the  owner. 


Fig.  8.1  Risk-cost  relationship. 


In  actual  practice,  curves  A and  B are  difficult  to  draw.  Certain  cases  are 
fairly  obvious.  For  example,  the  cost  of  employee  safety  training  may  "pay-off"  in 
reducing  accidents.  On  the  other  hand,  the  increased  cost,  both  capital  and  opera- 
ting of  say  tripling  the  shell  thickness  on  a truck  tank  to  reduce  the  chance  of 
rupture  might  be  very  difficult  to  justify. 

One  of  the  difficulties  the  manager  faces  is  to  predict  the  effect  of  a pre- 
vention expenditure  on  reducing  accident  risks.  In  the  first  place,  the  accident 
risk  may  be  difficult  to  quantify.  For  rare  events,  which  is  usually  the  case, 
their  probability  cannot  be  predicted  with  any  accuracy  from  past  experience.  Also 
the  monetary  consequences  of  an  accident  vary  widely  depending,  among  other  things, 
on  response  capability.  Two  approaches  are  commonly  used.  One  is  casualty  in- 
surance. This  allows  the  manager  to  substitute  predictable  cost  in  the  form  of  a 
premium,  for  a much  larger  potential  cost  at  some  unpredictable  time  in  the  future. 
Here  the  insurance  company  working  on  a broader  base  of  experience  with  many 
clients,  can  spread  the  risk. 
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The  other  is  the  common-sense  recording  and  analysis  of  all  misadventures  to 
get  at  root  causes.  In  some  larger  companies,  cause  and  prevention  analysis  has 
developed  into  formal  Loss  Management  programs.  These  can  become  quite  sophisti- 
cated and  may  use  computer  technology.  A supplement  to  accident  prevention  is  the 
development  of  response  capability  to  reduce  the  adverse  consequences  of  an  accident 
when  it  occurs.  Fire  fighting  capability  and  oil-spill  response  are  two  important 
areas  to  the  petroleum  industry.  The  features  of  response  capability  include  con- 
tingency plans,  emergency  procedures,  adequate  equipment,  trained  personnel  and 
frequent  drills  or  accident  simulation. 


8.4  RISK  TO  THE  EMPLOYEE 

The  employee  shares  the  owner's  financial  risk  in  that  his  job  and  livelihood 
depend  upon  the  well-being  of  the  company.  Loss  of  job  may  mean  many  years  wasted 
in  acquiring  skills  or  gaining  seniority.  It  is  important  to  note  that  such  a 
situation  can  result  in  severe  emotional  stress  and  can  have  as  serious  an  effect  on 
health  as  an  occupational  injury. 

However,  the  employee's  day-to-day  concern  is  occupational  health  and  safety. 
Of  all  stakeholders,  the  workers  are  generally  exposed  to  the  greatest  risk  of 
injury.  Some  financial  protection  is  provided  for  time  away  from  work  as  a result 
of  injury  through  Workmen's  Compensation.  Many  companies  make  up  the  difference 
between  regular  pay  and  workmen's  compensation  so  that  the  risk  of  loss  of  earning 
power  is  generally  removed  or  lessened.  The  cost  of  wage  compensation,  loss  in  pro- 
ductivity, etc.  falls  back  on  the  owner.  Thus  the  financial  risk,  at  least  in  part, 
is  transferred  from  employee  to  owner.  Medical  costs  including  hospitalization  are 
now  largely  covered  through  provincial  medicare  schemes  and  many  companies  offer 
company-supported  supplementary  major  illness  benefits  so  that  the  financial  risk  to 
the  employee  is  here  again  transferred  to  the  owner  or  to  society  in  general. 

The  non-compensable  part  of  injury  as  in  the  case  of  disabling  injuries  or 
fatalities  opens  another  dimension.  Workmen's  compensation,  company  benefit  plans 
and  court  awards  may  make  financial  settlement  to  survivors  of  the  deceased,  but 
there  can  be  no  true  compensation  in  monetary  terms.  Even  though  such  serious 
injuries  end  up,  in  the  dispassionate  financial  sense,  as  a cost,  the  effect  on  a 
permanently  disabled  worker  or  on  the  family  of  a fatally  injured  worker  goes  far 
beyond  monetary  valuation. 

Managers  in  discharging  their  reposibilities  to  the  workers  must,  therefore, 
use  something  other  than  monetary  analysis  to  establish  an  acceptable  risk  level. 
A humanitarian  objective  might  be  to  aim  at  zero  risk  but  the  costs  of  attaining 
that  objective  would  make  it  unacceptable  to  owners.  The  workers  themselves  may 
object  to  overly  stringent  operating  procedures  or  cumbersome  protective  clothing. 
Good  worker-management  relations  exist  where  both  parties  agree  on  acceptable  levels 
of  risk.  Safety  committees  with  worker-management  representation  help  to  attain 
this.  The  concept  of  "danger  pay"  allows  some  balancing  of  benefits  to  the  worker 
for  a recognized  increased  risk. 

It  should  be  noted  that  the  risk  to  the  employee  is  voluntary  for  he  can 
always  choose  to  work  in  a less  hazardous  operation.  Of  course,  to  make  this  choice 
he  must  first  be  fully  aware  of  all  the  hazards  of  the  job.  Many  companies  employ 
safety  specialists  and  occupational  hygienists  to  inspect  and  monitor  the  working 
environment,  identify  hazards,  advise  management  and  the  employees,  and  recommend 
safer  practices. 

Lost-time  accident  and  fatality  statistics  reported  for  the  industry  qive  some 
kind  of  a picture  to  the  manager  of  what  is  average  for  his  type  of  operation  - a 
sort  of  "par  for  the  course".  Or  he  may  look  to  related  statistics  for  injuries  and 
fatalities  at  home  or  away  from  the  workplace  from  all  causes.  It  would  not  be 
unreasonable  for  a manager  acting  in  the  owner's  interest  to  avoid  an  additional 
expensive  accident  prevention  measure,  if  the  injury  rate  of  his  workers  on  the  job 
was  already  less  than  the  rate  for  workers  off  the  job. 
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8.5  RISK  TO  THE  COMMUNITY  AND  SOCIETY 

The  risk-benefit  balance  of  a company's  operation  to  people  not  directly  in- 
volved in  the  company's  activities  is  difficult  to  define.  Citizens  of  an  indus- 
trial community  can  appreciate  the  benefits  produced  by  a company's  activities  the 
jobs  provided  by  its  plants,  the  taxes  paid  to  the  community  and  so  forth.  Such  a 
community  will  be  more  prone  to  accept  the  risks  resulting  from  the  handling  of 
hazardous  materials.  On  the  other  hand,  members  of  society  not  receiving  direct  or 
visible  benefits  from  the  company's  operation  will  take  a far  different  view  of  the 
risks.  Even  though  society  at  large  benefits  from  the  risk-taking  competitive 
activity  of  the  industry,  members  of  society  usually  have  no  way  of  quantifying  this 
benefit  in  personal  terms. 

Also  many  people  think  that  a cost  imposed  on  industry  is  something  that  comes 
out  of  profits  and  that  the  "buck  stops  there".  However,  costs  are  passed  on  to 
consumers  but  usually  not  in  a very  obvious  way.  For  example,  an  increased  safety 
regulation  might  cost  the  petroleum  industry  $100  million  dollars  per  year.  If  this 
cost  is  spread  over  the  Canadian  consumption  of  33  billion  litres  (7.3  billion 
gallons)  per  year,  it  amounts  to  an  increase  in  price  of  0.3<j;/l  (1 .4(f/gal . ) . This 
may  be  insignificant  to  a motorist  who  is  accustomed  to  far  greater  fluctuations  in 
gasoline  prices  for  other  reasons. 

That  public  perception  of  a risky  industrial  practice  can  lead  to  pressure  on 
politicians  and  governments  for  corrective  legislation  and  regulation  is  easy  to 
understand,  particularly  when  one  recognizes  the  leverage  that  can  be  exercized  by 
the  vociferous  minority  and  the  media.  In  an  affluent  society  of  high  expectations 
of  safety  as  well  as  of  the  benefits  of  risk-taking,  the  question  of  trade-offs  is 
easily  obscured.  Two  comments  on  public  perception  of  risks  are  in  order.  Firstly, 
the  many  federal  and  provincial  safety  regulations  and  standards  that  place 
constraints  on  industry  would  not  have  come  about  without  union  and  public  pressure. 
If  decision-making  were  based  only  on  competitive  economic  forces,  enterprises  would 
accept  higher  levels  of  risk  to  society  than  society  itself  would  accept.  In 
essence,  our  present  laws  result  from  society's  desire  to  reduce  risk  to  itself, 
while  at  the  same  time  not  really  having  to  decide  or  being  too  concerned  about 
economic  benefits  that  may  be  lost  in  the  process.  Secondly,  countering  this,  there 
is  increasing  realization  that  regulations  are  causing  a significant  economic  burden 
on  industry  and  hence  on  society. 

There  is  now  a strong  move  toward  regulatory  reform.  One  feature  of  this, 
already  in  place,  is  the  requirement  by  the  Treasury  Board  for  a socio-economic 
impact  analysis  (SEIA)  on  all  new  federal  regulations  in  the  area  of  Health,  Safety 
and  Fairness  (includes  Environment).  This  reform  will  force  into  the  regulatory 
process  an  objective  appraisal  of  the  costs  and  benefits  to  society  in  removing  some 
real  or  perceived  risk.  Even  though  in  such  an  analysis  the  benefits  may  still  be 
largely  a matter  of  subjective  judgement,  the  costs  to  society  at  least  will  be 
taken  out  of  obscurity  so  that  a better  weighing  of  society's  objectives  can  be 
made,  toward  better  decisions. 


8.6  THE  RISK  IN  HANDLING  GASOLINE 

The  major  risk  in  handling  gasoline  is  its  flammability,  to  be  discussed  in 
the  next  paraqraph.  Health  hazards  are  not  ordinarily  serious  when  gasoline  is  used 
as  intended  as  motor  fuel.  It  is  mildly  toxic  if  ingested  and  can  cause  dermatitis 
on  prolonged  skin  contact.  Excessive  exposure  to  vapours  can  affect  the  central 
nervous  system  causing  dizziness  and  in  extreme  cases,  cardiac  irregularities.  Also 
gasoline  can  contain  up  to  3-4%  of  benzene  which  is  known  to  cause  leukemia,  but 
under  normal  handling,  vapour  concentrations  are  well  below  recommended  health 

standards.  Industry  workers  with  high  exposure  potential  are  made  aware  of  these 
health  hazards. 

Factors  related  to  its  flammability  risk  are  as  follows: 

1.  It  is  a mixture  of  hydrocarbons  with  a boiling  range  of  32-1 05°C.  Vapour 

pressure  at  25°C  is  570  mm.  Flash  point  is  -45°C.  (Note:  In  current  regula- 
tions, any  material  with  flash  point  less  than  100°C  is  classified  as  a hazar- 

dous commodity).  Auto  ignition  temperature  is  255°C. 
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2.  Its  explosive  limits  are  between  1.3%  and  7.6%  by  volume  in  air.  Fairly  lean 
mixtures  can  ignite  with  some  violence  (a  useful  property  in  an  internal  com- 
bustion engine).  Spills  of  gasoline  can  produce  combustible  vapours  which  are 
heavier  than  air  and  can  migrate  some  distance.  This  increases  the  danger  of 
ignition  from  sources  away  from  the  spill  and  increases  the  area  exposed.  In 
closed  storage,  however,  where  the  vapour  space  approaches  equilibrium  with 
the  liquid,  the  vapour  concentration  soon  moves  above  the  explosive  range. 

3.  Gasoline  is  a liquid  and  can  escape  easily  from  faulty  or  damaged  equipment. 
A spill  will  spread  and  may  travel  some  distance  from  an  accident.  Spills 
into  a sewer  system  can  qreatly  increase  the  area  of  exposure. 

4.  It  is  immiscible  with,  and  is  lighter  than  water  and  has  low  viscosity. 
Therefore,  it  spreads  rapidly  if  spilled  on  water.  These  properties  make 
fighting  a gasoline  fire  with  water  comparatively  ineffective.  In  fact,  the 
use  of  water  alone  can  spread  the  fire. 

Although  the  major  risk  in  handling  gasoline  stems  from  its  flammability,  a 
gasoline  spill  without  ignition  may  still  have  environmental  impact.  Because  of  its 
volatility,  such  spills,  particularly  those  on  water,  pose  a lesser  pollution  pro- 
blem than  the  more  persistent  heavier  petroleum  fractions.  The  Canadian  petroleum 
industry  has  developed  extensive  oil  spill  contingency  plans  in  cooperation  with 
governments,  to  improve  response  capability  and  reduce  the  risk  of  environmental 
damage. 


8.7  THE  CANADIAN  SCENE 

In  the  light  of  these  general  comments  we  may  now  look  at  the  transportation 
of  gasoline  in  Canada.  To  get  some  idea  of  the  magnitude  of  the  overall  operation, 
Table  8.1  (Stats.  Can  1979)  shows  the  volume  of  crude  and  other  feedstock  to 
Canadian  refineries  in  1979  and  the  yield  of  products. 


Table  8.1  Refinery  input  and  output  total  Canada  - 1979 


Millions  of  barrels 

Percent 

Charged: 

Crude  and  condensate  by  pipeline 

356.3 

78.2 

Crude  by  tanker 

151.5 

21.3 

Other  feedstock 

6.9 

714.7 

1.0 

100.5 

Increased  inventory 

3.1 

0.5 

Total  charged 

711.6 

TooTo 

Produced: 

Liquified  petroleum  gas  and  butane 

15.1 

2.1 

(Petrochem  feedstock  and  naphtha 

specialties 

40.2 

5.6 

(Motor  gasoline 

240.8 

33.8 

Light( Aviation  fuels  ) 

32.1 

4.5 

Oils  (Kerosene  - stove  oil  ) 

Middle 

25.1 

3.5 

(Diesel  oil  ) 

distillates 

93.0 

13.1 

(Light  fuel  oil  (home  heating)  ) 

91.1 

12.8 

Heavy  fuel  oil 

125.1 

17.6 

Asphalt 

21.4 

3.0 

Coke  (fuel  oil  equivalent) 

5.0 

0.7 

Sub  total 

695.2 

97.7 

Refinery  gas  to  fuel 

25.1 

3.5 

Total  yield 

720.3 

101.2 

Volumetric  gain 

8.7 

1.2 

Note:  Sulphur  production  not  included 
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In  Canada  in  1980,  there  were  36  refineries  in  operation  with  location 
and  capacity  by  province  shown  in  Fig.  8.2  and  Table  8.2  (Can.  Petroleum  1980). 
Gasoline  is  the  largest  refined  product  (by  volume)  as  seen  in  Table  8.1,  some  38.3 
million  cubic  metres  (241  million  barrels)  were  produced  in  1979  equivalent  to  the 
daily  rate  of  103  million  litres  (630,000  barrels). 
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Table  8.2  Canadian  refinery  summary 


Province  Number  of  refineries  Crude  capacity  bbls  per  calendar  day 


Newfoundland 

1 

12,000 

Nova  Scotia 

3 

184,900 

New  Brunswick 

1 

235,000 

Quebec 

7 

616,400 

Ontario 

7 

588,200 

Manitoba 

1 

30,000 

Saskatchewan 

2 

53,300 

Alberta 

6 

284,200 

British  Columbia 

7 

167,600 

Northwest  Territories 

1 

2,900 

All  Canada 

3S 

2‘,  174',  500 

Figure  8.3  shows  the  different  ways  in  which  gasoline  is  moved  from  refinery 
to  customer.  The  numbers  on  the  lines  indicate  the  percent  of  refinery  production 
that  travels  by  each  pathway.  There  are  some  250  terminals,  3,450  bulk  plants  and 
24,000  service  stations  in  operation  across  the  country.  A terminal  is  generally 
classified  as  a large  storage  point  that  can  receive  product  by  pipeline  or  ship, 
from  which  product  is  further  transported  by  rail  or  tank  truck  (primarily  the 
latter)  to  a bulk  plant  or  directly  to  customer. 

Some  idea  of  the  number  of  separate  movements  made  on  a calendar  day  can  be 
estimated  by  the  average  size  of  pipeline  tenders,  ship  deliveries,  tank  car  and 
tank  truck  capacities  as  shown  in  Table  8.3.  It  is  apparent  that  if  the  probability 
of  accidental  release  of  gasoline  relates  to  the  number  of  individual  batch  opera- 
tions, tank  truck  operation  offers  the  greatest  chance  of  misadventure.  A descrip- 
tion of  each  mode  of  transportation  follows. 


Table  8.3  Daily  movements  of  gasoline 


Mode  of  transport 

Million  litres 
per  day  (1980) 

Average 
delivery 
size  (litres) 

Approx.  No.  of 
batch  movements 
per  day 

PIPELINE 

Tender  size 

10,000  to  100,000  bbls 

45 

3,000,000 

15 

TANK  SHIP 

Gasoline  deliveries 

15,000  to  50,000  bbls 

16.8 

4,500,000 

4 

TANK'  PAR 

30,000  to  76,000  litres 
(6,700  to  16,800  Imp. gals) 

7.3 

73,000 

100 

TANK  TRUCK 

9,000  to  59,000  litres 
(2,000  to  13,000  Imp.  gals) 

127 

41,000 

3,100 

8.8  TRANSPORTATION  BY  PIPELINE 

As  shown  in  Fig.  8.3,  substantial  quantities  of  gasoline  are  transferred  from 
refineries  to  terminals  by  pipeline.  Pipelines  in  this  service  transfer  both  gaso- 
line and  other  light  oils.  They  are  operated  by  individual  oil  companies  or  inde- 
pendent companies  jointly  owned  by  participating  companies. 
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Of  some  50  separate  oil  lines  operating  in  Canada  handling  crude  oil,  natural 
gas  liquids  and  refined  products,  nine  are  in  refined  product  (gasoline  and  middle 
distillate)  service.  A summary  of  the  refined  product  pipelines  is  shown  in  Table 
8.4  and  their  location  indicated  on  Fig.  8.2.  This  form  of  gasoline  transportation 
in  Canada  was  almost  non-existent  in  1930.  The  product  pipelines  range  in  diameter 
from  15-51  cm  (6-20")  and  depth  of  bury  is  around  one  meter.  The  longest  is 
Interprovincial  No.  1 which  extends  for  1200  km  (770  miles)  from  Edmonton  to  Gretna, 
Manitoba. 


Fig.  8.3  Gasoline  distribution  in  Canada,  flow  diagram 
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The  volume  of  light  oils  moved  in  1979  shown  in  Table  8.4  totals  approximately 
174  million  bbls.  In  1978  the  movement  was  approximately  155  million  bbls.  The 
average  annual  volume-distance  product  in  1978  and  1979  was  43  billion  barrel-km,  or 
a gasoline  eguivalent  (60?i)  of  26  billion  barrel-km. 


Table  8.4  Refined  product  pipelines  in  Canada 


Total  light  oils^ 

Pipeline  company 

Line  description 

transferred  in  1979 
millions  bbls 

Alberta  Products  P.L.  Ltd. 

Edmonton  to  Calgary  - 25  cm 
(10")  diam. 

21 

Gulf  Canada  Products  Co. 
Saskatoon  P.L. 

Milden-Saskatoon  - 15  cm 
(6")  diam.  (Branch-off 

Interprovincial  P.L. 

4 

Imperial  Oil  Limited 

Quebec  South  Shore  P.L. 
Sarinia  Products  P.L. 

Montreal 

Sarnia-Toronto 

30 

Interprovincial  P.L.  Ltd. 

Edmonton-Milden-  Regina-Gretna 

51  cm  (20")  diam.  41  cm  (16")  diam. 

25 

Sun  Canadian  P.L.  Co.  Ltd. 

Sarnia-Toronto 

24 

Trans-Northern  P.L.  Co. 

Montreal-Ottawa-Toronto-Hamilton- 

Nanticoke 

60 

Winnipeg  P.L.  Co.  Ltd. 

Gretna-Winnipeg 

10 

174 

'Gasoline  approximately  60?o 


The  probability  of  rupture  is  significantly  reduced  by  various  technological 
and  monitoring  procedures.  Protective  wrapping  and  cathodic  protection  has  gone  far 
to  eliminate  external  corrosion.  Internal  corrosion  is  not  usually  a significant 
problem  but  corrosion  inhibitors  may  be  added  to  prevent  any  long-term  deterioration 
of  the  pipe  which  represents  a large  capital  investment.  Lines  carrying  crude  oil 
and  condensate  which  may  contain  H2S  and  other  corrosive  substances  do,  however, 
reguire  greater  use  of  corrosion  inhibitors.  Periodic  checks  for  corrosion  or  other 
flaws  are  made  with  a "Pig"  carrying  sophisticated  instrumentation,  known  by  its 
commercial  name  "Linelog"  that  can  be  sent  with  product  through  the  line.  Also 
visual  inspection  by  aircraft,  usually  on  a weekly  basis,  is  used  to  detect  slow 
leaks  and  particularly  to  become  alert  to  any  outsider  activity  (e.g.  excavation) 
that  might  threaten  the  line.  In  the  Toronto  area,  one  man  is  employed  to  "walk" 
the  pipeline  right-of-way  of  the  three  product  lines  and  the  Interprovincial  crude 
oil  pipeline.  Interprovincial  pipeline  operation  is  controlled  under  the  federal 
Ministry  of  Energy,  Mines  and  Resources.  Others  are  controlled  by  provincial 
governments.  Design  and  operating  standards  follow  Canadian  Standard  Association 
guidelines  (CSA  Z-183). 

Pipeline  operation  has  become  very  sophisticated  with  telemetering  to  one 
central  control  point.  Any  break  in  the  line  is  detected  by  pressure  indicators  and 
in-out  flow  measurement  and  pumps  are  immediately  shut  down.  Immediate  reaction  is 
important  since  pumping  rates  can  be  100-200  barrels  per  minute.  Valves  along  the 
line  can  isolate  any  damaged  section.  These  valves  are  at  each  pumping  station,  on 
each  side  of  the  river  crossing,  usually  about  every  30  km  in  open  country,  and  more 
freguently,  for  example  every  5 km,  in  more  populated  areas. 

Pipeline  accident  statistics  are  reported  annually  by  the  Canadian  Petroleum 
Association  (1979).  However,  these  do  not  identify  refined  products  separately. 
The  following,  based  on  unpublished  data  gives  some  idea  of  the  freguency  and  type 
of  accidents  that  occur. 
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Number  of 

Amount 

in  m-* 

accidents 

Description  and  cause 

Product 

Spilled 

(Recovered) 

1978  None 

1979  5 

1.  Pipeline  break;  3rd  party  damage 

Gasoline 

64 

(56) 

2.  Sump  tank  overflow 

Distillate 

6 

(6) 

3.  Gasket  leak 

Distillate 

6 

4.  Valve  closure  failure 

Distillate 

28 

5.  Tank  overflow 

Distillate 

5 

On  the  Alberta  Products  line,  there  has  only  been  one  accident  since  its 
commissioning  in  1970.  This  was  a break  in  1971  caused  by  a municipal  contractor's 
excavation  work.  The  Interprovincial  and  Saskatoon  pipelines  have  had  no  signifi- 
cant accident  since  starting  in  light  oil  service  in  1971. 

The  safety  advantages  of  moving  a product  from  a storage  tank  at  one  location 
to  another  many  kilometers  away  with  little  manual  operation  and  no  exposure  to 
traffic  accidents,  and  other  transportation  hazards,  are  readily  apparent.  The 
primary  cause  of  major  accidents  is  damage  to  pipeline  by  outsiders,  usually  excava- 
tion eguipment  in  an  unauthorized  activity  on  the  pipeline  right-of-way.  The  risk 
can  be  reduced  by  better  control  over  working  permits  and  communications  between 
concerned  parties. 


8.9  TRANSPORTATION  BY  SHIP  AND  BARGE 

There  were  47  tankers  under  the  Canadian  flag  in  1980.  Twenty-eight  of  these 
operate  primarily  on  the  east  coast,  18  in  the  St.  Lawrence  River  and  Great  Lakes 
and  only  one  at  the  west  coast.  West  coast  marine  movement  is  almost  entirely  by 
barge.  In  1980  there  were  13  barges  in  petroleum  service. 

Tanker  capacities  range  from  approximately  30,000  bbls  (3,000  DWT ) to  300,000 
bbls  (37,000  DWT).  Tankers  of  70,000  bbls  (9,000  DWT)  are  the  most  common  size.  In 
1980  there  were  only  4 larger  than  70,000  bbls,  2 at  300,000  bbls  and  2 at  120,000 
bbls. 


About  80%  of  the  tankers  are  in  light  oil  service  (approximately  40%  gasoline 
and  60%  middle  distillates).  The  remainder  carry  black  oil  (residual  fuel  oil, 
bunker  oil).  The  tankers  are  owned  and  operated  as  follows: 


Irving  12 
Imperial  7 
Shell  4 
Gulf  3 


Texaco  3 
Hall  Corporation  8 
Branch  lines  6 
Other  4 


47 


A typical  voyage  begins  with  taking  on  a product  at  a refinery  terminal  and 
then  unloading  at  one  or  more  marine  terminals.  An  example  would  be  a 70,000  bbls 
tanker  which  takes  on  product  from  a Montreal  refinery,  It  might  pick  up  25,000  bbls 
of  gasoline  and  45,000  bbls  diesel  oil  distributed  in  some  15  separate  compartments 
within  the  ship.  Total  dock  time  would  be  about  18  hours  which  would  include  debal- 
lasting and  loading.  Unloading  might  be  done  at  2 or  3 terminals  down  the  river 
such  as  Sept-Iles,  Port  Cartier  or  Rimouski.  Size  of  terminal  tankage  determines 
how  many  stops  are  made.  A typical  round  trip  would  be  five  days.  A tanker  may 
travel  over  50,000  km  per  year. 

Of  the  13  barges  moving  petroleum  products  on  the  west  coast,  most  are  in 
light  oils  service  with  an  approximate  50-50  gasoline/distillate  split.  Barge  capa- 
cities range  from  approximately  450,000  1 (3,000  bbls)  to  4,500,000  1 (30,000  bbls). 
They  are  compartmented  like  tankers.  One  company,  Seaspan,  operates  eight  of  the 
barges.  The  remainder  are  owned  and  operated  by  four  separate  companies. 

Barges  are  loaded  at  four  refineries  along  the  Burrard  Inlet  and  towed  by  tug- 
boats to  various  terminals  on  Vancouver  Island  and  the  mainland.  They  also  service 
industrial  customers  (e.g.  pulp  and  paper  mills)  along  the  coast  and  many  marinas. 
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The  longest  haul  is  to  a terminal  at  Haines,  Alaska.  Total  round  trip  distance  accu- 
mulated by  all  barges  is  estimated  to  be  approximately  384,000  km  (240,000  miles) 
per  year.  Total  light  oils  moved  is  estimated  to  be  1.7  x 10^  m^  (10.8  x 10^  bbls). 

Barge  accidents  are  rare.  In  the  period  1975-1980,  the  Canadian  Coast  Guard 
recorded  10  accidents  resulting  from  groundings  and  contact  with  docks  and  other 
vessels.  None  of  these  resulted  in  any  fire  or  human  injury  or  reported  product 
spills. 


The  operations  of  all  vessels  in  Canadian  waters,  especially  those  under  the 
Canadian  flag  are  closely  controlled  and  regulated  by  the  Canada  Shipping  Act.  That 
safety  is  primary  consideration  is  shown  by  the  fact  that  at  least  60  out  of  79 
regulations  deal  with  some  aspect  of  accident  prevention. 

Vessel  traffic  management  with  shore-to-ship  radio  communications  exists  in 
all  major  traffic  zones  including  St.  John's,  Nfld.,  Saint  John,  N.B.,  Halifax  and 
Eddy  Point,  Strait  of  Canso,  N.S.,  Esquimaine,  P.Q.,  Quebec  City,  Montreal,  the  St. 
Lawrence  Seaway  Locks,  Welland  Canal,  Detroit  and  the  St.  Clair  River  and  the  St. 
Mary's  River,  Sault  Ste  Mane.  Traffic  management  centres  are  operated  by  the 
Canadian  Coast  Guard,  Transport  Canada.  In  addition,  there  is  radio  communication 
and  control  at  other  major  multi-purpose  harbours  such  as  Thunder  Bay,  Toronto, 
Hamilton,  New  Westminster  and  Nanaimo,  administered  by  harbour  commissions  under  the 
general  supervision  of  the  Ministry  of  Transport. 

A main  purpose  of  traffic  control  is  to  reduce  the  chance  of  collision  where 
ships  are  in  closer  proximity  to  one  another.  Pilot  services  are  avilable  at  the 
ship  captain's  option,  and  are  compulsory  along  the  St.  Lawrence  from  Montreal  to 
Esquimaine  and  at  most  major  traffic  zones  and  harbours.  Besides  the  usual  naviga- 
gation  hazards  while  sailing,  loading  and  unloading  operations  pose  other  hazards 
and  operating  procedures  are  designed  to  avoid  product  spills  and  other  accidents. 

Most  ship  accidents  can  be  traced  to  human  error.  Therefore,  the  training  of 
ship  crews  and  particularly  of  officers  is  very  crucial.  There  is  a distinct  and 
regulated  progression  up  through  the  ranks  to  the  ships'  commanding  officers.  Pilot 
standards  are  controlled  under  the  Pilotage  Act.  All  pilots  must  hold  a Masters 
certificate. 

From  Canadian  Coast  Guard  records  during  the  period  1975-1979  tanker  accidents 
averaged  31/yr.  These  included  minor  damages  to  docks,  ice  damage,  groundings,  etc. 
About  50?i  of  these  incidents  involved  ships  carrying  gasoline  and  distillate.  The 
balance  was  for  ships  carrying  bunker  oil,  crude  and  occasionally,  chemicals. 

Table  8.5  shows  a summary  of  accidents  involving  ships  carrying  gasoline  and 
distillates.  The  main  type  of  accident  was  grounding  and  the  main  cause  (50-60?O 
was  error  by  the  ship's  crew  or  pilot.  Ice  is  another  important,  cause  unique  to 
Canadian  waters.  The  main  effects  of  these  accidents  is  financial  loss  to  the 
owner,  which  in  most  of  these  reported  incidents  would  be  relatively  small. 

Spills,  when  they  occur  are  usually  minor  but  they  can  occur  without  personal 
injury.  The  risk  here  is  environmental  damage.  With  light  oils,  particularly  gaso- 
line, where  there  is  any  wave  energy,  even  large  spills  disappear  rapidly  i.e.  light 
oils  are  non-persistent. 

One  aspect  of  marine  transportation  which  sets  it  apart  from  other  modes  is 
that  a large  quantity  of  product  is  being  moved  in  a high-cost  vessel.  Even  though 
the  frequency  of  major  accidents  is  small,  the  consequences  can  be  large.  Therefore, 
the  risk  to  the  owner  can  be  significant.  This  is  a typical  case  of  rare  events 
with  large  consequences  where  insurance  plays  an  important  role.  In  fact  marine  in- 
surance was  one  of  the  earlier  forms  of  casualty  insurance  and  has  become  a specia- 
lized field  for  certain  underwriters  such  as  Lloyds  of  London. 

The  risk  to  the  ships  crew  would  be  significant  for  major  accidents  involving 
fire  but  again  this  is  in  the  rare  event  - high  consequences  category.  Life  at  sea, 
regardless  of  the  cargo,  has  historically  carried  dangers  primarily  because  of 
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Table  8.5  Summary  of  accidents  involving  ships  carrying  light  oils 


Accident  description 

1975 

1976 

1977 

1978 

1979 

Annual 

average 

Ship  striking  (e.q.  dock) 

5 

7 

5 

4 

5 

5.2 

(32%) 

Collision  with  another  ship 

2 

2 

3 

2 

2 

2.2 

(14%) 

Grounding 

6 

5 

5 

10 

8 

6.8 

(43%) 

Ice  damage 

1 

- 

4 

2 

2 

1.8 

(11%) 

Total  for  light  oil  shipments 

14 

14 

17 

18 

17 

16 

(100%) 

Total  for  all  petroleum 
products  shipments 

29 

27 

31 

32 

36 

31 

Causes 

PERCENT 

Master  or  crew  error 

56 

60 

47 

47 

30 

48 

Pilot  error 

13 

10 

- 

13 

5 

8 

Mechanical  failure 

13 

10 

- 

- 

10 

7 

Ice 

12 

- 

26 

20 

20 

16 

Tide,  current,  wind 

6 

10 

16 

13 

10 

11 

Other 

- 

10 

11 

7 

25 

10 

Too 

100 

100 

100 

100 

100 

Source:  Canadian  Coast  Guard  Ship  Safety  Branch,  Annual  Reports 


vessel  sinking  and  people  drowning.  In  this  regard,  because,  the  compartment  struc- 
ture of  a tanker  and  its  comparatively  large  size,  it  may  be  able  to  cope  better 
with  stormy  seas  and  accidental  rupture  of  the  hull.  Ministry  of  Transport  fatality 
records  seem  to  suggest  that  tankers  are  safer  than  many  other  vessels.  Between 
1965  and  1979  the  number  of  deaths  in  Canadian  waters  associated  with  ship  operation 
was  890  or  an  average  of  60  per  year.  Over  these  15  years,  four  fatalities  were 
associated  with  tankers  carrying  petroleum  products  but  only  one  of  these  was  rela- 
ted to  the  product.  This  was  in  1976  on  a tanker  carrying  liguid  Natural  Gas  where 
a crewman  was  asphyxiated.  The  other  three  were  caused  by  (a)  a fire  in  the  crews 
quarters;  (b)  a deck  crane  boom;  and  (c)  a drowning.  Of  the  other  886  fatalities 
the  largest  number  was  due  to  drownings,  and  these  in  turn  were  the  highest  with 
small  fishing  vessels. 

The  risk  to  the  public  of  accidents  of  tankers  carrying  gasoline  is  very 
small.  Public  perception  is  probably  that  gasoline  transportation  by  this  mode  is 
comparatively  safe.  In  fact,  most  people  are  probably  unaware  that  large  volumes  of 
gasoline  are  transported  by  tankers. 


8.10  TRANSPORT  BY  RAILWAY 

Canadian  railway  transport  is  dominated  by  two  transcontinental  systems,  the 
Canadian  National  Railway  and  Canadian  Pacific  Railway,  supplemented  by  several 
regional  railways  such  as  B.C.  Railway  and  Ontario  Northlands  Railway.  The  CNR  and 
CPR  handle  about  90%  of  the  rail  traffic.  The  railway  system  connects  most  points 
of  significant  industrial  activity.  Total  length  of  first  track  is  about  70,000  km 
(additional  track  in  double  track  and  siding  not  added). 

Crude  oil  and  all  petroleum  products  are  moved  in  bulk  by  railway  tank  car  (or 
hopper  car  for  coke  and  sulphur).  As  shown  in  Fig.  8.3  only  a small  fraction  about 
5%  of  gasoline  is  moved  from  refineries  by  rail.  Most  of  this  movement  is  from  refi- 
nery direct  to  bulk  plant.  A smaller  amount  is  moved  from  terminals  to  commercial 
customers. 

The  common  size  for  tank  cars  moving  qasoline  is  76,000  1 (20,000  U.S.  gals). 
These  "Jumbo"  tank  cars  are  rapidly  replacing  earlier  30,000  1 (8,000  U.S.  gals) 
tank  cars  for  economic  reasons.  Even  larger  sizes  are  being  used  89,000  1 (23,500 
U.S.  gals).  Size  is  limited  by  maximum  allowable  rail  loading.  The  total  Canadian 
tank  car  population  in  1976  was  14,560  which  was  only  6.6%  of  total  freight  cars 
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(CNR  1981K  The  majority  of  these  (about  98%)  are  owned  and  leased  by  three  manu- 
facturers: Canadian  General  Transit  (CGTX),  Procor  (UTLX)  and  North  American  Car 
(NCTX) . 

The  Canadian  Transport  Commission  (CTC)  under  the  Railway  Act  has  jurisdiction 
over  construction,  maintenance  and  operation  of  inter-provincial  railways  including 
matters  of  engineering,  safety  of  operation,  investigation  of  accidents.  Standards 
are  presently  set  out  in  the  Hazardous  Goods  Tarriff  but  the  new  Transportation  of 
Dangerous  Goods  Act  recently  passed  by  the  federal  government,  provides  for  codes 
which  revise  and  consolidate  existing  standards.  It  should  be  noted  that  the  new 
Act  and  the  regulations  and  codes  that  will  be  issued  will  also  cover  transportation 
by  tank  truck,  which  is  predominantly  a provincial  responsibility. 

Railway  accidents  are  rare  in  consideration  of  the  number  of  locomotive  kilo- 
meters travelled  per  year  and  the  volume  of  freight  carried.  However,  those  that  do 
occur  are  sometimes  spectacular  and  naturally  attract  media  attention.  Public  per- 
ception is  that  personal  travel  by  rail  is  the  safest  way  to  go  and  their  view  pro- 
bably extends  to  the  movement  of  hazardous  goods  by  rail.  However,  rare  events 
involving  the  release  of  hazardous  substances  in  populated  areas  such  as  the  1980 
Mississauga  incident,  where  the  potential  for  personal  injury  can  be  large,  inva- 
riably results  in  an  outcry  for  increased  regulation. 

Published  railway  accident  statistics  do  not  identify  tank  car  accidents  sepa- 
rately. Table  8.6,  which  gives  some  railway  accident  statistics  compiled  by  the 
Canadian  Transport  Commission,  shows  that  level-crossing  accidents,  where  motorist 
fault  is  high,  is  the  dominant  cause  of  accidents.  However,  this  is  an  insignifi- 
cant cause  of  accidental  damage  to  cars  carrying  dangerous  goods.  Derailments  are 
the  prime  cause  where  hazardous  goods  are  concerned.  Some  11-16%  of  derailments 
involved  tank  cars  carrying  hazardous  goods.  Only  a small  fraction  of  these  involve 
personal  injury.  An  analysis  of  1979  events  showed  two  injuries  in  41  derailments 
of  tank  cars  carrying  hazardous  goods.  Four  derailments  resulted  in  fires,  one  of 
these  being  the  spectacular  Mississauga  incident.  Tank  cars  carrying  gasoline  were 
involved  in  two  derailments  but  no  spill  of  product  took  place.  Diesel  and  heavier 
oils  have  not  to-date  been  classified  as  hazardous  and  are  not  included  in  these 
numbers.  Derailment  of  cars  carrying  these  products  is  estimated  to  be  2-5  per 
year. 


Table  8.6  Some  railway  accident  statistics  (all  Canada) 


1977 

1978 

1979 

1980 

A.  Level  crossing  accidents 

877 

871 

830 

800 

estimated 

B.  Derailments  (including  humping) 

320 

300 

350 

300 

estimated 

C.  Other 

Accidents  involving  damage  to  or  caused  by  cars 

carrying  dangerous  goods 

Level  crossing  accidents 

1 

- 

2 

6 

Derailment  accidents 

36 

43 

41 

52 

In  derailment,  of  cars  carrying  dangerous  goods 

Personal  injuries 

not  reported 

2 

not 

reported 

Fires 

not  reported 

41 

not 

reported 

Those  carrying  gasoline 

not  reported 

22 

not 

reported 

^Methanol-heater;  sulphur  (B.C.  incident  - SO2  fumes);  Phosphorus;  Mississauga 
incident . 

2No  spill  involved 


In  consideration  of  the  volume  of  gasoline,  10-15  million  barrels  per  year, 
moved  by  rail,  the  accident  frequency  is  very  low.  Gasoline  transportation  by  this 
method  carries  a comparatively  low  risk  to  owners,  employees  and  society  at  large. 
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TRANSPORTATION  BY  TANK  TRUCK 

In  1972  there  were  402,000  km  of  highways  and  roads  under  federal  or  provin- 
cial jurisdiction  and  443,000  km  of  roads  and  streets  under  local  governments,  com- 
pared to  70,000  km  of  railway,  to  put  the  size  of  network  in  perspective.  As  a 
result,  the  transportation  of  all  products  by  truck  has  increased  dramatically.  In 
1930,  ship  and  railway  moved  98%  and  truck  only  2%.  In  1974  the  movement  by  rail 
and  ship  was  44%,  pipelines  10%,  air  4%  and  truck  42%  (Canada  Year  Book  1978-1979). 

Almost  all  gasoline  at  some  point  between  the  refinery  and  customer  is  moved 
by  tank  truck.  Table  8.3  indicates  the  number  of  trucks  loaded  daily.  Service  sta- 
tions may  only  receive  part  loads  so  that  the  number  of  individual  transfers  will  be 
larger. 


Table  8.7.  Tank  truck  classification 


Type 

Axles 

Weight 

kg 

Tank 

capacity 

litres 

Service 

Truck  - single  frame 

2 to 

3 

Up  to 

8,000  - 

Small  home  heat  delive- 

30,000 

20,000 

ries  and  general  commer- 
cial and  industrial 

2,000-9,000  1 deliveries 
up  to  60  km  one  way.  Up 
to  four  compartments. 

Tractor  trailer 

4 to 

6 

30,000- 

30,000- 

For  larger  deliveries 

(semi-trailer) 

55,000 

50,000 

companion  vehicle  to 
trains  where  access 

n\ 

1 

problem  exists. 

3 to  5 compartments. 

Truck  - Pup 

5 or 

6 

30,000- 

30,000- 

Not  recommended  for 

56,000 

50,000 

normal  delivery. 

Lead: 

Good  for  distant 

n \ i 

15,000- 

accounts.  Pup  can  be 

F *= ')  f: 

20,000 

dropped  on  arrival  and 
single  truck  used  where 

.fer'..  0 0 ‘sr 

•„©1 

Pup: 

access  is  limited. 


"A"  Train 


7 or  8 


45,000- 

High  productivity  for 

55,000 

long  distance 

Lead: 

deliveries. 

30,000- 

40,000 

Cannot  be  backed  up 

Pup: 

easily. 

15,000- 

30,000 

"B"  Train 


7 or  8 


50,000- 

65,000 


45,000- 

Now  replacing  "A"  trail 

60,000 

because  one  less  point 

Lead: 

articulation  (safer 

27,000- 

driving) . 

34,000 

Pup: 

High  productivity  for 

20,000- 

long  distance 

27,000 

deliveries. 
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Gasoline  truck  units  generally  fall  into  the  classes  summarized  in  Table  8.7. 
A straiqht  truck  is  a sinale  frame  unit  and  may  have  2 or  3 axles.  A semi-trailer 
has  a tractor  with  2 or  3 axles  and  a trailer  the  front  end  of  which  rests  on  the 
tractor  and  the  rear  on  1 , 2 or  3 axles.  The  truck  and  semi-trailer  units  have  the 
best  manouverability  and  are  used  where  deliveries  require  this. 

With  increasing  wages  and  other  operating  costs,  industry  has  gone  to  units  of 
larger  size  to  increase  worker  productivity.  This  is  done  by  attaching  another  unit 
or  pup  trailer.  The  truck-pup  unit  was  introduced  in  the  early  1950's.  The  "A" 
train,  a semi-trailer  with  self-supporting  pup  trailer  attached,  was  introduced  in 
1969.  These  units  are  favoured  for  lonq  hauls  on  open  highways.  The  "2-hinge" 
connection  between  the  pup  and  foreward  unit  introduced  a tendency  to  jacknife  under 
severe  braking.  The  "B"  trains  with  the  front  end  of  the  pup  riding  on  the  rear  of 
the  foreward  semi-trailer  was  introduced  in  1975  to  reduce  the  risk  of  jacknifing 
and  are  now  replacing  the  "A"  trains. 

The  size  and  tank  capacity  of  a truck  unit  is  limited  by  provincial  regula- 
tion. The  overall  weight  constraint  relates  mainly  to  bridge  load  limits.  For 
example,  in  Ontario  and  Quebec  the  maximum  weight  is  63,500  kg  (140,000  lb).  In  New 
Brunswick  it  is  54,500  kg  (120,000  lb)  and  in  B.C.  50,000  kg  (110,000  lb).  Length 
(generally  20-21  m max.)  width  (2.6  m max.)  and  height  (4. 1-4.2  m maximum)  con- 
straints also  put  a limit  on  the  economies  of  size  that  can  be  attained.  There  have 
been  some  recent  tests  in  B.C.  and  Quebec  with  3-unit  trains  but  only  for  intended 
use  on  modern  multi-lane  highways  where  unidirectional  passing  can  be  done  safely. 

The  federal  government  through  the  Department  of  Transport  establishes  motor 
vehicle  standards,  while  regulation  of  traffic  and  operating  safety  lies  within  the 
jurisdiction  of  the  provincial  and  municipal  governments.  Federal  safety  regula- 
tions are  made  under  the  Motor  Vehicle  Safety  Act  in  effect  since  1971.  Standards 
mandated  by  the  Act  are  addressed  to  safe  design,  construction  and  functioning  of 
new  motor  vehicles  in  order  to  save  lives  and  prevent  injuries.  There  is  also  a 
Motor  Vehicle  Tire  Safety  Act  passed  in  1976  to  enforce  minimum  standards. 

The  provinces  issue  vehicle  and  driver  licences.  Special  driver  licences  are 
required  for  heavier  vehicles  requiring  certain  tests  of  competence.  Speed  limits 
vary  from  province  to  province  between  80  and  100  km  per  hour.  Truck  speed  limits 
are  sometimes  10  km  per  hour  below  automobile  speed  limits.  Provinces  also  can  make 
extensive  regulations  on  construction  standards  and  operating  procedures  where  gaso- 
line is  concerned.  The  Gasoline  Handling  Act  in  Ontario  is  an  example. 

Accidents  may  occur  during  loading,  unloading  or  during  transit.  Loading  ope- 
rations take  place  in  a comparatively  controlled  environment;  workers  are  well  trai- 
ned and  response  capability  to  an  accident  is  good.  Here  the  owner  runs  the  risk  of 
property  damage  and  the  employee  runs  the  risk  of  personal  injury.  Similarly,  there 
is  good  control  when  unloading  at  a commercial  customers'  facilities  but  unloading 
at  service  stations  may  introduce  public  exposure.  The  use  of  underground  storage 
tanks  at  service  stations,  gravity  filling  through  closed  connections  and  remote  and 
elevated  position  of  tank  vents  away  from  the  truck  location  minimize  risks  here. 
There  is  probably  a greater  hazard  in  the  multitude  of  automobile  fill-ups  at  these 
locations.  The  greatest  damage  and  chance  of  human  injury  occurs  where  a fire 
breaks  out.  Exposure  of  gasoline  to  air  to  form  explosive  mixtures  increases  the 
chance  of  fires.  A source  of  ignition  is  always  required  and  heading  the  list  is 
static  electricity.  Since  static  electricity  builds  up  due  to  turbulent  flow 
through  pipes  and  specially  through  filters,  trucks  and  loading  nozzles  need  to  be 
grounded,  for  dissipation  of  static  charge  before  withdrawing  the  loading  pipe  or 
introducing  sampling  devices,  etc. 

The  greatest  direct  risk  to  the  public  occurs  during  transit.  Although  stan- 
dards of  truck  design  and  maintenance  and  driver  training  are  high,  these  trucks  are 
exposed  to  the  same  traffic  hazards  as  any  other  vehicle.  Table  8.8  shows  that 
motor  vehicle  accidents  are  the  major  cause  of  accidental  deaths  and  injuries. 

Statistics  relating  to  tank  trucks  are  not  readily  available  for  all  Canada 
but  there  are  some  for  Ontario.  In  1974  Ontario  had  3.89  million  registered  vehi- 
cles compared  to  11.0  million  in  all  of  Canada  or  about  35?^  and  approximate  extrapo- 
lations could  be  made  on  this  percentage.  "Motor  Vehicle  Accidents  Facts"  published 
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Table  8.8  Leading  causes  of  death  in  Canada  (Rate  per  100,000  population) 


1973 

1974 

1975 

Cardiovascular  diseases 

366 

354 

Cancer 

- 

149 

150 

Pneumonia 

_ 

23 

24 

Bronchitis,  emphysema  and  asthma 

- 

14 

14 

Suicides 

- 

14 

13 

Homicides 

- 

2 

3 

Accidents 

58 

54 

Motor  vehicle  (traffic) 

29.2 

27.7 

25.1 

Falls 

8.2 

8.2 

8.3 

Drowning 

5.5 

4.6 

4.9 

Industrial  type 

3.9 

3.9 

3.1 

Fire 

3.2 

3.6 

3.2 

Poisoning 

3.3 

3.1 

2.7 

Suffocation 

2.4 

2.5 

2.4 

Aircraft 

0.7 

0.8 

0.7 

Other 

3.2 

3.3 

3.7 

59.6 

57.7 

54.1 

Source:  Canada  Safety  Council  (1975) 


Table  8.9  Number  of  vehicles  in  accidents  - 1979 


All  accidents 

Accidents 
causing  injury 

Accidents 
causing  death 

All  vehicles^ 

363,272 

120,531 

2,152 

All  trucks^ 

54,369 

16,471 

462 

Tank  trucks  owned  and  operated 

by  petroleum  industry^ 

202 

14 

- 

(percent  of  total) 

(0.06) 

(0.01) 

^Obtained  from  Ontario  Ministry  of  Transport 
^Obtained  from  petroleum  industry 


annually  by  the  Ontario  Ministry  of  Transportation  and  Communications  indicates  that 
accident  rates  for  all  vehicles  have  remained  fairly  constant  over  the  period  1969 
to  1978  at  approximately  2. 7-3. 5 per  1,000,000  km  which  compares  closely  with  the 
Canadian  average  of  3.6.  Ontario  statistics  are  shown  in  Table  8.9. 

Fifty  to  sixty  percent  of  the  tank  trucks  carry  gasoline,  but  most  of  the 
accidents  had  nothing  to  do  with  the  cargo  being  carried.  Some  occurred  with  empty 
trucks. 

Other  accident  rate  figures  produced  by  petroleum  industry  studies  in  the 
five-year  period  1975-1979  showed:  number  of  kilometers  run  237  million;  number  of 
injuries  99;  personal  injuries  per  million  kilometers  0.42.  This  injury  rate  is 
considerably  lower  than  the  1975-1979  Ontario  figures  for  all  vehicles  of  1.4 
injuries  per  million  kilometers  and  a similar  overall  Canada  (1972-1976)  of  1.4. 
Moreover,  the  accident  rate  and  injury  rate  were  less  with  the  more  recently  intro- 
duced "A"  and  "B"  trains  than  with  straight  trucks  and  semi-trailers.  The  injury 
rate  for  "A"  and  "B"  trains  was  0.30  per  million  kilometers.  The  studies  also 
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showed  that  about  half  these  accidents  were  judged  to  be  preventable.  A major  cause 
was  simply  driving  too  fast  for  existing  weather,  road  or  traffic  conditions. 
However,  a large  percentage  was  due  to  the  carelessness  of  others. 

There  were  no  fatalities  resulting  from  these  tank  truck  accidents  during  the 
5-year  period.  This  can  be  compared  to  1,450  and  1,560  people  killed  in  all  Ontario 
traffic  accidents  in  1978  and  1979,  respectively.  (Note:  this  favourable  record  was 
upset  with  two  fatal  accidents  December  28,  1980  and  January  2,  1981  in  which  truck 
drivers  were  killed.  Fire  ensued  in  both  cases.  In  one  case  the  driver  was  killed 
instantly  on  impact.) 

Although  it  is  unwise  to  draw  broad  conclusions  from  limited  numbers  some 
observations  can  be  made: 

Improved  driving  skill  would  reduce  tank  truck  accidents  but 
their  operation  will  always  be  exposed  to  the  same  hazards  that 
make  traffic  accidents  the  leading  cause  of  human  injury  and 
accidental  death  in  Canada. 

Tank  trucks  are  involved  in  only  a very  small  percentage  of 
vehicle  accidents. The  proportion  of  personal  injury  is  lower 
than  for  vehicles  in  general. 

Gasoline  as  hazardous  cargo  is  not  the  cause  of  damage  and  per- 
sonal injury  in  most  cases. 

Since  driver  error  is  a major  cause  of  accidents,  a major  effort  is  made  by 
petroleum  companies  in  driver  training  and  performance  monitoring.  The  following 
illustrates  this: 

(a)  Driver  selection  includes  a medical  examination  and  written 
test  which  screens  out  candidates  whose  physical  deficiencies 
in  health  or  level  of  education  might  invite  unnecessary  risks. 

(b)  Candidates  must  be  in  possession  of  a Class  "A"  drivers  licence 
which  reguires  the  usual  provincial  government  examination. 

(c)  Each  candidate  is  given  a road  test  in  traffic.  The  examiner 
has  a list  of  some  70  points  to  be  checked. 

(d)  A selected  candidate  spends  two  weeks  with  a senior  company 
driver  to  learn  the  company's  safety  rules  and  special  procedu- 
res for  handling  petroleum  products.  After  this  period  with 
the  approval  of  his  instructor  and  supervisor,  he  is  allowed  to 
drive  a unit  independently. 

(e)  Besides  daily  checks  of  performance  by  his  supervisor,  a driver 
is  rechecked  in  six  months  by  a company  inspector  against  a 
formal  list  of  procedural  items.  Thereafter,  he  has  similar 
annual  checks.  (Some  private  truckers  pay  their  drivers  accor- 
ding to  the  amount  of  gasoline  delivered  and  this  may  encourage 
faster  driving.  The  use  of  tacographs  is  not  common  in  these 
companies. ) 

(f)  Finally,  drivers  are  sent  on  defensive  driving  courses  held  at 
community  colleges  and  sponsored  by  groups  like  the  Independent 
Accident  Prevention  Association  and  National  Safety  Council. 

Since  a common  cause  of  highway  accidents  is  excessive  speed,  most  companies 
limit  truck  highway  speeds  to  90  km/h.  To  ensure  that  this  is  not  exceeded,  trucks 
are  generally  eguipped  with  a 24-h  tacometer  record  (tacograph)  which  is  examined 
routinely  by  supervisory  personnel.  This  is  also  good  legal  protection  for  the  dri- 
ver in  the  event  of  an  accident.  The  Ministry  of  Transportation  and  Communications 
(MTC)  in  Ontario  reported  that  in  1977,  1978  and  1979  only  4?o  of  all  truck  accidents 
were  due  to  mechanical  defects.  To  avoid  defects,  eguipment  maintenance  is  extre- 
mely important.  General  practice  with  petroleum  companies  is  to  have  the  driver 
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fill  out  a Daily  Inspection  Report.  A checklist  of  items  relating  to  tires,  brakes, 
etc.  is  completed  at  the  beginning  of  a shift.  Any  defects  must  be  corrected  before 
the  vehicle  is  placed  in  service;  at  the  end  of  the  shift  the  driver  completes  a 
similar  list  and  notes  any  mechanical  defects  in  a written  report.  In  addition, 
routine  inspections  and  maintenance  is  performed  on  each  unit  after  so  many  days  or 
kilometers  travelled.  Typical  is  a 60  day  or  16,000  km  inspection,  or  an  annual  or 
100,000  km  inspection.  Checklists  and  records  of  maintenance  done  are,  of  course, 
kept  on  file. 

The  following  description  of  one  of  the  fatal  accidents  mentioned  earlier  is  a 
sad  seguel  to  all  the  effort  to  minimize  accidents.  After  more  than  five  years  of 
transporting  gasoline  by  tank  truck  in  Ontario  without  a single  accident  involving  a 
fire  or  fatality,  on  December  28,  1980  the  driver  aae  31,  married  with  two  children, 
was  driving  his  "B"  train  unit  northbound  out  of  Hamilton  on  Highway  6 in  daylight. 
Coming  in  the  opposite  direction  was  a road  sander  truck.  It  lost  control  and 
suddenly  spun  across  broadside  in  front  of  the  tank  truck  causing  a collision.  The 
tank  truck  driver  was  killed  instantly  on  impact.  The  two  occupants  of  the  sander 
were  thrown  from  the  cab  with  serious  injuries.  A fire  ensued  and  both  vehicles 
were  completely  demolished. 


8.11  A NOTE  ON  THE  RISKS  IN  STORAGE 

Storage  tanks  are  an  important  link  in  the  transportation  network.  The  major 
risk  factor  is  in  the  size  of  the  flammable  inventory.  At  terminals  and  bulk  plants 
there  are  several  tanks  or  a tank-farm  containing  different  grades  of  gasoline  and 
middle  distillate,  so  that  fire  can  result  in  serious  losses.  The  financial  loss  is 
assumed  by  the  owner.  Workers  may  be  exposed  to  the  risk  of  injury.  The  general 
public  has  little  risk  except  where  residential  areas  are  in  close  proximity  to  the 
storage  tanks  and  a chance  exists  of  a fire  spreading.  Design  features,  operating 
procedures  and  fire-fighting  capability  are  usually  of  high  standard  - presumably 
adeguate  to  the  owner,  acceptable  to  the  worker,  of  some  concern  to  the  surrounding 
community  but  of  little  concern  to  society  in  general. 

Storage  tanks  at  service  stations  which  are  usually  close  to  public  activity 
are  buried  underground.  This  reduces  risk  of  fire  but  there  is  risk  of  leaks  into 
groundwater  systems.  In  the  past  few  years,  the  problem  has  become  significant  in 
Canada  as  older  tanks  are  beginning  to  fail  through  external  corrosion.  The  leaks, 
which  are  usually  small  and  may  go  undetected  for  some  time,  present  two  risks.  The 
first  is  contamination  of  an  aguifer  which  may  be  used  at  some  remote  location  for 
drinking  water.  A contaminated  groundwater  system  may  be  very  difficult  to  restore 
and  can  be  a costly  problem  to  the  owner  of  the  gasoline  faced  with  damage  claims. 
Secondly,  the  gasoline  may  migrate  along  the  surface  of  the  groundwater  and  appear 
at  the  remote  location  to  create  a hazard.  It  may  also  migrate  into  sewer  systems 
and  its  vapours  can  diffuse  into  buildings  where  ignition  can  create  a fire  hazard. 

Provincial  governments  are  aware  of  the  problem  and  Manitoba  has  introduced 
regulations  reguiring  replacement  of  underground  tanks  under  stipulated  conditions. 
The  Petroleum  Association  for  Conservation  of  the  Canadian  Environment  (PACE)  has 
been  active  in  developing  a cost-effective  approach  to  tank  replacement  or  upgrading 
which  is  being  adopted  in  different  ways  by  industry.  Provincial  governments  have 
been  in  close  communication  with  the  industry  and  are  in  agreement  with  these  pro- 
grams. This  is  an  example  of  a solution  to  an  environmental  problem  which  posed  a 
risk  to  society  without  the  need  for  introducing  formal  legislation  or  regulation. 

The  magnitude  of  the  problem  is  indicated  by  the  number  of  underground  tanks 
estimated  to  be  200,000.  About  half  of  these  are  owned  by  major  oil  companies  and 
half  by  independent  dealers.  The  replacement  and  upgrading  programs  of  the  major 
oil  companies  over  the  next  10-13  years  is  indicated  to  cost  some  $50  million. 
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8.12  CONCLUSIONS 

As  motorists,  we  take  for  granted  the  convenient  availability  of  gasoline  that 
powers  our  automobiles.  It  is  a commodity  essential  to  our  way  of  life  that  we  sel- 
dom see  or  touch.  In  our  periodic  visits  to  the  service  stations,  we  are  involved 
in  the  final  transfer  of  a material  that  is  classified  as  hazardous  because  of  its 
flammability  but  we  have  little  concern  for  our  safety  because  accidents  at  this 
point  are  extremely  rare.  In  fact,  around  one  and  a half  million  similar  transfers 
are  made  in  a typical  day  without  incident.  Automobile  accidents  where  a fire 
occurs  causing  personal  injury  are  a reminder  that  we  are  dealing  with  a dangerous 
material  but  the  freguency  of  this  type  of  accident  provides  good  reason  to  accept 
its  widespread  presence  with  some  complacency. 

It  is  only  when  a spectacular  fire  occurs  when  the  contents  of  a tank  truck  or 
tank  car  or  storage  tank  are  ignited  that  the  public  has  much  concern  about  ways  in 
which  obviously  large  guantities  of  gasoline  are  transported  from  refineries  to 
their  local  service  stations.  These  events,  which  are  rare  when  viewing  the  magni- 
tude and  diversity  of  the  distribution  network  and  its  day-to-day  operation,  fre- 
quently involve  injury  to  innocent  third  parties  with  which  the  public  can  identify. 
This  leads  to  a call  for  regulatory  action  to  reduce  the  risk  of  any  future  occur- 
rence. However,  the  economic  penalties  may  be  such  that  excessive  regulatory  action 
may  be  counter-productive. 

This  case  study  has  taken  an  objective  look  at  the  nature  of  the  hazards  in 
the  handling  and  transportation  of  gasoline  and  has  described  the  type  and  magnitude 
of  this  activity  in  Canada.  The  practices  followed  to  reduce  risks  are  briefly 
noted  and  accident  experience  is  reviewed.  The  acceptability  of  risk  from  the  view- 
point of  the  owners,  the  workers  and  the  public  is  discussed.  In  seeking  a proper 
risk-benefit  balance  it  is  important  to  define  "risk  to  whom"  and  "benefit  to  whom". 
That  the  transportation  of  gasoline  in  Canada  is  highly  regulated  suggests  that 
society's  desire  for  risk  reduction  goes  beyond  the  level  that  industry  would  reach 
independently.  This  difference  in  the  perceived  risk  benefit  balance  will  always 
provide  a driving  force  towards  further  regulation,  with  quantum  jumps  following  any 
spectacular  accident.  Until  society  has  some  better  way  of  determining  the  economic 
impact  on  its  members  of  new  regulation,  the  trend  is  likely  to  continue.  The 
federal  government  has  recently  introduced  a formal  requirement  for  Socio-Economic 
Impact  Assessments  on  all  new  regulations  relating  to  health,  safety  and  fairness. 
The  impact  of  this  development  will  need  careful  study. 

Despite  the  direction  of  future  regulation  or  of  self-imposed  safety  practices 
by  the  petroleum  industry  and  others  involved  in  the  transportation  of  gasoline,  a 
fair  conclusion  is  that  the  large,  diverse  and  extensive  movement  of  this  hazardous 
but  essential  commodity  is  accomplished  by  the  industry  at  a remarkably  low  level  of 
risk. 
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9.1  INTRODUCTION 

Since  the  late  1940's,  sodium  chloride  (NaCl)  has  been  used  in  increasing 
amounts  to  control  build-up  of  ice  on  roadways  and  sidewalks  in  Southern  Ontario. 
The  application  of  salt  to  snow-covered  and  ice  surfaces  is  intended  to  prevent 
bonding  of  ice  to  the  road  surface  and  to  hasten  its  removal  through  melting  or 
plowing.  With  increasing  traffic  flows,  there  has  been  a corresponding  increase  in 
salt  used  annually  over  the  past  twenty-five  years  so  that  in  the  Great  Lakes  basin, 
it  has  increased  about  twenty-fold  (Vallentyne  1979)  to  a current  usage  exceeding 
2.8  million  tons  per  year. 

The  achievement  of  ice-free  roads  in  winter  is  the  primary  objective  of 
salting.  It  must  also  be  recognized  that  increasing  amounts  of  salt  pose  environ- 
mental hazards  in  damaging  roadside  vegetation  and  contaminating  water,  to  say 
nothing  of  the  corrosion  of  vehicles,  bridges  and  concrete  surfaces.  The  assessment 
of  risks  and  benefits  relating  to  the  use  of  ice  control  chemicals  is  thus  a compli- 
cated matter  going  beyond  the  direct  relationship  between  the  application  of  salt 
and  reduction  of  hazard.  In  fact,  those  reponsible  for  the  control  of  ice  on  roads 
face  the  dilemma  of  applying  enough  salt  to  satisfy  motorists  that  safety  and  mobi- 
lity are  maintained,  while,  at  the  same  time  minimizing  criticism  from  the  same 
drivers  who  complain  of  corrosion  of  their  vehicles  or  other  environmental  damage  if 
they  consider  excessive  amounts  of  salt  have  been  used.  There  has  to  be  a balancing 
act  to  satisfy  political,  technical  and  social  requirements. 

This  case  study  is  based  on  work  done  by  the  Snow  and  Ice  Control  Working 
Group  at  the  Institute  for  Environmental  Studies  at  the  University  of  Toronto  since 
1977.  The  central  concern  has  been  to  assess  environmental  impact  and  to  devise 
ways  of  reducing  the  amount  of  salt  applied  while  maintaining  acceptable  levels  of 
service. 

Under  the  guidance  of  the  Institute,  a process  for  assessing  and  managing 
risks  has  been  developed  and  successfully  employed  over  several  years.  The  process 
include  "workshops"  of  concerned  scientists,  interested  officials  from  provincial 
and  municipal  governments,  and  representatives  of  vehicle  manufacturers,  consumer 
groups,  and  the  salt  industry.  These  sessions  help  to  identify  the  real  and 
perceived  risks  as  well  as  the  political  climate  within  which  policy  change  could  be 
effected.  Additional  workshops  of  municipal  road  maintenance  personnel  and  public 
officials  shed  further  light  on  the  practical  problems  faced  by  these  front-line 
operations  in  attempting  to  satisfy  the  various  objectives  within  budget  limita- 
tions, public  and  industry  expectations  for  the  safe  movement  of  traffic  and  the 
minimizing  of  environmental  damage.  Opportunities  were  provided  to  sensitize  the 
participants  to  environmental  concerns  and  enlist  their  support  for  practical 
experiments  in  reducing  the  usage  of  salt.  Thus  a methodology  has  been  developed 
which  is  effective  in  dispelling  much  of  the  adversary  atmosphere  surrounding  many 
environmental  issues. 


9.2  THE  USE  OF  SALT  ON  ROADS 

Although  the  rate  of  application  of  de-icing  chemicals  has  apparently  levelled 
off  in  Ontario,  the  actual  amounts  applied  each  year  fluctuate  considerably.  For 
example,  in  the  unusually  bad  winter  of  1976-1977,  the  amount  of  salt  applied  to  the 
Ontario  provincial  highways  system  actually  decreased  by  some  7 % (Ontario  Ministry 
of  Transportation  and  Communications  1977).  Variations  of  this  kind  are  a 
consequence  of  the  lack  of  a predictive  methodology  which  would  enable  applicators 
to  anticipate  when  salting  would  be  necessary  so  that  the  amounts  applied  could  be 
adjusted  for  optimum  effect  through  precise  timing  of  minimal  rates  of  application. 
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Where  possible,  salt  is  applied  during  a storm  in  order  to  create  a layer  of 
brine  between  the  snow  and  the  road  and  thus  prevent  an  ice  layer  from  bonding  the 
ice  to  the  road.  In  the  past,  some  municipalites  used  to  plough  the  snow  to  the 
centre  of  the  road  and  then  apply  salt  liberally  in  order  to  melt  it  but  this  prac- 
tice has  declined  considerably  as  a result  of  the  acknowledged  damage  to  the  envi- 
ronment caused  by  salt.  The  provision  of  the  brine  layer  permits  more  complete 
clearing  of  the  roads  by  ploughing.  Sodium  chloride  is  ineffective  or  slow  at 
melting  snow  much  below  -12°C  and,  therefore,  is  not  used  extensively  in  regions 
experiencing  prolonged  periods  where  the  temperature  is  below  this  value.  The 
addition  of  calcium  chloride  (CaCl2)  can  extend  the  melting  range  down  to  -29°C  and 
improves  the  rate  and  extent  of  melting.  Because  it  is  much  more  deliquescent,  it 
may  be  added  to  salt  and  occasionally  to  sand  to  improve  its  wetting  action,  accele- 
rate the  melt  and  to  reduce  loss  of  salt  by  mechanically  bouncing  off  the  road.  It 
also  prevents  the  freezing  of  sand-salt  mixtures  and,  therefore,  improves  manage- 
ability. In  Europe,  calcium  chloride  is  much  more  widely  used  than  it  is  in  North 
America. 

Presently,  there  seems  to  be  little  agreement  among  the  responsible  agencies 
as  to  the  optimum  rate  and  optimum  material  or  mixture  of  materials.  Salt  applica- 
tion in  Ontario  varies  from  115-230  kg/km.  The  reason  for  this  disagreement  appears 
to  relate  to  the  extremely  complex  nature  of  the  interacting  variables. 
Temperature,  rate  of  change,  humidity,  wind  velocity  and  surface/ambient  temperature 
shifts  are  among  the  factors  which  interact  in  the  very  complex  processes  of  ice 
formation  and  thawing.  Also  the  density  and  nature  of  traffic  flows  add  to  the 
complexity  making  each  storm  in  each  location  different  from  all  other  storms  at 
other  locations. 

The  pattern  of  spreading  salt  on  the  road  is  also  subject  to  a great  deal  of 
local  variation.  Some  agencies  apply  a narrow  windrow  of  salt  on  the  crown  or  the 
high  side  of  the  passing  lane  and  allow  for  the  brine  to  flow  down  and  the  traffic 
to  distribute  it.  Others  apply  salt  on  a wider  band,  even  curb  to  curb.  The  choice 
seems  to  relate  to  the  traffic  density  and  the  effect  of  the  traffic. 

A major  difficulty  in  the  winter  maintenance  of  roads  is  the  precise  determi- 
nation of  when  a storm  is  about  to  strike  and  how  extensive  it  might  be.  Thus 
weather  forecasting  is  crucial  to  a sensible  program  of  winter  maintenance.  In 
Europe,  steps  have  been  taken,  particularly  in  Scandinavia,  to  measure  road  surface 
temperatures  and  ambient  humidity.  This,  of  course,  permits  quite  precise  predic- 
tion of  early  icing.  In  Ontario  the  distribution  of  weather  radar  pictures  is 
expected  to  be  of  considerable  assistance  in  that  it  permits  much  more  accurate  pre- 
diction of  the  times  of  arrival  of  a storm  and  its  rate  of  movement.  Such  informa- 
tion allows  for  early  deployment  of  equipment  and  prediction  of  the  duration  of  the 
storm.  Figure  9.1  shows  the  type  of  chart  which  is  transmitted  with  colour  coding 
to  indicate  the  location  and  extent  of  the  cloud  formation.  It  does  not  indicate  if 
the  approaching  storm  is  rain  or  snow  but  local  temperature  and  humidity  observa- 
tions will  assist  the  responsible  agency  to  decide  what  to  expect. 


9.3  FATE  OF  SALT 

Once  the  salt  has  been  spread  on  the  road,  there  are  a number  of  pathways  that 
it  can  follow.  As  dried  and  powdered  salt,  it  may  blow  off  the  road  and  migrate 
considerable  distances  downwind.  Alternatively,  as  a brine  solution,  it  can  migrate 
as  a fine  spray  to  adjacent  fields  and  vegetation.  As  much  as  10%  of  the  salt 
applied  can  become  airborne,  but  more  frequently  the  figure  is  approximately  1%. 
The  brine  solution  can  also  enter  the  ground  or  surface  water  and  migrate  into  that 
portion  of  the  hydrologic  cycle.  Studies  indicate  that  one  half  of  the  salt  applied 
to  an  area  in  Rochester  did  not  run  off  during  the  year  (Bubeck  et_  jj]_.  1971).  Paine 
(1979)  found  that  50%  of  the  salt  applied  to  the  Don  River  Watershed  in  Toronto 
apparently  did  not  reach  the  river  as  measured  in  the  river  discharge.  In  the 
Boston  area  Huling  and  Hollocher  (1972)  showed  that  35%  of  the  salt  applied  entered 
the  soil  through  the  frequent  freeze-thaw  cycles.  In  a Chicago  area  study,  73%  of 
the  salt  applied  in  November  1972  was  washed  away  with  surface  flow.  These  figures 
show  that  it  takes  in  excess  of  one  year  to  remove  the  salt  applied  to  a watershed 
which  means  that  over  a period  of  years,  there  must  be  an  accumulation  somewhere  in 
the  watershed  ecosystem. 
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Fig.  9.1  Radar  printout  of  storm 


SALT  MOVEMENT  THROUGH  SOIL 

Places  in  the  soil  where  salt  can  accumulate  are  many  and  varied.  Sodium 
(Na++)  ions  can  displace  calcium  (Ca++)  ions  in  the  soil  structure.  When  sodium 
replaces  15?£  of  the  calcium,  the  soil  breaks  up,  resulting  in  a tightening  up  of  the 
soil  and  reduced  permeability  which  reduces  percolation  and  fertility.  Soils  with 
high  sodium  levels  are  called  "sodic"  and  are  highly  alkaline  (Westing  1969).  Also 
sodium  in  dry  soils  holds  water  and  creates  osmotic  stress  on  the  vegetation  (Brandt 
1973).  It  has  been  reported  (Hanes  et  al.  1970)  that  if  enough  salt  is  applied  to 
displace  both  the  aluminum  (Al++)  and  iron  (Fe++)  cations,  the  soil  would  become 
solid  and  totally  impermeable  to  water.  Chloride  (Cl-)  ions  on  the  other  hand  are 
considered  to  be  both  conservative  (do  not  change  their  chemical  form  with  time)  and 
more  mobile  in  passing  unhindered  through  soil.  Figure  9.2  shows  the  relationship 
between  sodium  build-up  in  the  soil  versus  distance  from  a highway  in  relation  to 
the  number  of  years  of  salt  application.  The  build-up  of  sodium  over  time  indicates 
its  lack  of  mobility. 

The  evidence  seems  to  indicate  that  salt  moves  downward  towards  the  ground- 
water.  If  this  occurs  to  a sufficient  extent,  it  clearly  has  the  potential  to  raise 
the  salt  concentration  in  the  groundwater  significantly  (Fig.  9.2). 

It  has  now  been  widely  accepted  that  although  salt  plays  a significant  role  in 
maintaining  snow  and  ice  free  road  systems  in  the  wintertime,  it  also  has  a signifi- 
cant potential  for  causing  environmental  and  other  damage. 


GROUNDWATER 

High  concentrations  of  chloride  in  groundwater  create  a taste  which  consti- 
tutes a physiological  early  warning  system  of  a health  hazards  to  users.  It  is  not 
unknown  for  people  to  grow  accustomed  to  a gradually  increasing  concentration  of 
chloride  which  could  reach  concentrations  sufficiently  high  to  cause  real  health 
problems  for  bottle-fed  infants  (WHO  1979). 

On  the  other  hand,  there  are  no  regulations  governing  maximum  acceptable  con- 
centrations of  sodium  in  most  parts  of  the  world.  The  Canadian  Drinking  Water 
Quality  guidelines  issued  in  1978  do  suggest  that  the  appropriate  health  authorities 
be  notified  if  the  sodium  concentration  in  a drinking  water  supply  exceeds  20  mg/1. 
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Fig.  2.  The  sodium  content  of  soil  at  5 sites  along  Maine  Turnpike  and  Interstate  95 


In  1966,  studies  in  the  United  States  indicated  that  40%  of  all  municipal  wells  had 
sodium  levels  exceeding  20  mg/1.  A limited  study  of  private  well  water  supplies 
immediately  north  of  Metropolitan  Toronto  indicates  that  more  than  half  the  wells 
tested  had  sodium  concentrations  in  excess  of  20  mg/1.  Almost  one-fifth  (18.8%)  had 
values  in  excess  of  100  mg/1  and  more  than  one  in  twenty  (5.3%)  had  concentrations 
above  250  mg/1.  The  evidence  indicated  that  these  elevated  concentrations  were  at 
least  in  part  due  to  road  salting.  Examination  of  wells  along  roads  where  no  salt 
had  been  used  showed  a decrease  in  sodium  concentration  with  distance  back  from  the 
main  (salted)  roads  (Joy  1979). 

Unfortunately,  very  little  information  exists  on  the  concentration  of  sodium 
in  ground  or  surface  waters.  This  is  probably  due  to  the  fact  that  well  water 
samples  are  usually  taken  for  bacteriological  analyses  and  stabilized  and  preserved 
with  sodium  thiosulphate  which  renders  the  sample  unsuitable  for  sodium  analysis. 

In  1970,  the  Massachusetts  Public  Health  Department  had  to  warn  63  communities 
that  their  drinking  water  had  more  than  20  mg/1  of  sodium  which  is  the  maximum  re- 
commended for  people  on  a severely  restricted  sodium  diet  (Terry  1974).  Since  by 
far  the  greatest  part  of  the  population  is  not  endangered  by  water  of  this  guality, 
action  to  alert  and  perhaps  scare  entire  communities  is  perhaps  guestionable.  In 
the  Toronto  study  (Joy  1979)  the  Medical  Officer  of  Health  of  York  County  agreed  to 
notify  all  physicians  in  the  area  to  have  sodium  analyses  taken  of  well  water  for 
any  of  their  patients  who  may  be  affected.  This  is  considered  an  appropriate  and 
perhaps  necessary  precaution  because  sodium  is  not  routinely  measured  in  most 
potable  water  supplies. 


SURFACE  WATER 

Studies  of  sodium  levels  in  Black  Creek  in  Toronto  (Scott  1976)  indicated  an 
increase  of  50-fold  during  spring  runoff.  This  led  to  the  conclusion  that  road 
salting  was  definitely  the  source  of  salt.  Studies  in  Syracuse  produced  similar 
results  (Hawkins  1971).  Another  study  was  conducted  in  1972  in  Ann  Arbor,  Michigan 
(Hawkins  and  Judd  1972)  of  a lake  in  the  centre  of  a community  which  received  a 
great  deal  of  sewage  and  street  runoff.  In  the  case,  the  salt  concentrations  were 
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so  great  as  to  produce  stratification  and  prevent  normal  spring  turnover.  Further- 
more, salt  in  solution  reduces  the  oxygen  solubility  in  water.  Starvation  of  oxygen 
of  course,  will  cause  the  death  of  fish  as  well  as  other  aerobic  smaller  organisms 
at  levels  below  toxic  concentration  of  salt. 

Chloride  levels  in  Lakes  Ontario  and  Erie  have  risen  from  around  5 mg/1  in  the 
early  1900's  to  about  25  mg/1  today.  It  has  been  estimated  that  chloride  levels  in 
Lake  Ontario  will  double  in  50  years  time  (Ralston  1974).  Other  estimates  conclude 
that  Lake  Erie  will  increase  to  250  mg/1  over  the  same  period  (Meredith  and  Reimer 
1976).  At  present  close  to  50%  of  the  chloride  ions  fed  into  Lake  Ontario  are  in- 
troduced by  two  very  large  chemical  plants  situated  in  New  York  State.  Road  salting 
is  estimated  to  account  for  only  11%  of  the  annual  chloride  additions  to  Lake 
Ontario. 

High  sodium  concentrations  in  streams  can  result  in  an  increased  availability 
of  mercury  especially  in  water  courses  with  a sandy  bottom  because  sodium  cations 
can  displace  mercury  in  a manner  similar  to  the  displacement  of  calcium  in  the  rege- 
neration with  brine  in  a domestic  water  softener  (Feick  £t  ja]_.  1972).  However,  this 
effect  in  nature  is  highly  unlikely  because  the  concentration  of  salt  is  normally 
far  too  low.  Feick  et  al.  (1972)  used  concentrations  of  NaCl  as  high  as  35,000  mg/1 
which  approaches  the  salinity  of  sea  water. 


VEGETATION 

Salt  can  enter  a plant  through  the  roots  or  the  leaf  epidermis.  It  may  be 
taken  up  actively  by  chemical  incorporation  from  solutions  of  low  concentration  or 
passively  from  high  concentrations  due  to  diffusion  and  depolarization  of  the  root 
membrane  which  allows  cell  sap  to  equilibrate  with  the  external  medium  at  which 
point  the  membrane  selectively  fails  and  nutrients  are  free  to  flow  out  of  the  root. 
Certain  halophyllic  salt-resistant  plants  have  developed  mechanisms  to  deal  with 
excess  salt  which  enables  them  to  inhabit  marine  shores  within  range  of  salt  spray. 

Hofstra  and  Hall  (1971)  investigated  lead  injury  from  salt  in  white  pine  and 
eastern  white  cedar  growing  at  roadsides  near  Guelph,  Ontario.  Damage  was  lighter 
on  the  leeward  side  of  the  highway  but  on  the  windward  side  trees  150  m from  the 
road  experienced  20%  twig  die-back  if  they  were  unprotected  by  other  trees.  White 
pine  showed  damage  at  foliar  concentrations  of  salt  of  1%,  but  damage  to  cedar  did 
not  show  up  until  the  concentration  reached  2%.  Cold  hardiness  and  transpiration 
also  are  affected.  Sucoff  and  Wong  (1976)  showed  that  in  ash  trees,  cold  hardiness 
declined  as  the  amount  of  salt  on  the  trees  increased.  Increasing  salt  concen- 
tration in  the  root  zone  causes  an  osmotic  stress  which  reduces  transpiration  rates 
by  as  much  as  one  half  (Kelly  1963). 


CORROSION 

It  has  been  observed  that  in  Ontario,  corrosion  of  automobiles  was  greatest  in 
industrialized  areas  when  combined  with  high  temperatures,  high  humidity  and  road 
salt  (Fromm  1967).  The  rate  of  corrosion  is  increased  in  direct  proportion  to  the 
amount  of  salt  applied.  Other  studies  conducted  in  England  indicate  that  corrosion 
was  independent  of  the  amount  of  salt  present.  Another  corrosion  problem  involves 
the  steel  reinforcing  bars  in  concrete  bridge  decks  in  which  corroding  steel  expands 
and  cracks  the  concrete,  thereby  permitting  further  oxidation  of  the  steel  and 
weakening  of  the  bridge.  This  process  is  greatly  accelerated  by  road  salt  (Manning 
and  Ryell  1976).  However,  it  now  appears  that  properly  air-entrained  Portland 
cement  layered  twice  and  protected  from  salt  for  six  months  appears  to  have  solved 
this  problem  (Manning  and  Ryell  1976;  Fromm  1971). 

Corrosion  represents  well  over  one  half  of  the  total  costs  to  Americans  from 
road  salting  (Murray  and  Ernest  1976;  Brenner  and  Moshman  1976).  These  two  studies 
are  compared  in  Fig.  9.3  and  it  must  be  noted  that  considerable  biases  are  revealed 
in  many  of  the  numbers  which  must  be  considered  difficult  or  pehaps  impossible  to 
substantiate  or  refute.  This  example  is  typical  of  the  polarization  which  has  im- 
peded the  search  for  an  optimum  method  of  controlling  snow  and  ice  on  the  highways. 
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The  protaganists  and  antagonists  proclaiming  either  "use  lots  of  salt!"  or  "use  no 
salt!"  have  created  much  heat  but  little  light.  The  real  solution  must  lie  some- 
where in  the  middle;  a snow  control  policy  must  take  maximum  advantage  of  all  the 
alternative  strategies  available. 


9.4  ALTERNATIVE  STRATEGIES 

For  many  years  before  salt  was  used  to  control  road  ice,  sand  or  other  abra- 
sives were  used.  Abrasives  have  the  limited  potential  of  providing  additional 
traction  on  slippery  surfaces  but  do  not  materially  aid  in  melting  snow.  Their  uses 
are  limited  to  places  which  experience  very  cold  temperatures  for  prolonged  periods 
of  time.  Prairie  Canada  and  Northern  Ontario  have  climates  amenable  to  the  appli- 
cation of  sand  for  some  periods  of  the  winter. 

In  Europe,  calcium  chloride  is  used  quite  commonly  either  alone  in  solution  or 
together  with  salt.  The  combination,  it  is  claimed,  brings  about  a more  rapid  pene- 
tration and  "melt"  and  thus  reduces  the  total  amount  of  chemical  needed.  Other 
combinations  of  salt,  sand  and  calcium  chloride  have  other  applications.  The  opti- 
mum mixture  and  application  plan  is  related  to  the  ambient  temperature,  road  surface 
temperature,  rate  of  rise/fall  of  temperature,  humidity,  wind  velocity  direction, 
radiation  (day  or  night)  as  well  as  other  parameters  as  yet  not  clearly  related  such 
as  barometric  pressure,  road  surface  texture  and  topography. 

It  is,  therefore,  little  wonder  that  no  fully  agreed  scientifically  controlled 
management  strategy  has  been  devised.  However,  a new  approach  has  been  in  limited 
use  in  Europe  for  some  five  or  six  years  and  has  been  tentatively  tried  in  Canada. 
This  approach  involves  a new  patented  road  surface  material  known  as  Verglimit.  The 
name  arises  from  its  claim  to  "limit"  "Verglas"  or  black  ice. 

"Verglimit"  is  a multi-chemical  defroster  which  is  added  and  mixed  into  the 
top  course  of  asphalt  surface.  It  consists  of  causticized  calcium  chloride  flakes 
treated  with  polymerized  linseed  oil  to  reduce  its  hydroscopic  properties  and  to 
maintain  its  residual  life  in  the  alsphalt.  Under  normal  traffic  conditions,  a 
CaCl2  brine  is  continuously  released  to  prevent  the  bonding  of  ice  to  the  road.  It 
tends  to  remain  in  the  "pores"  of  the  paving  surface  because  the  specific  gravity  of 
the  brine  is  1.3.  The  thin  layer  of  concentrated  solution  is  spread  by  the  passing 
traffic.  At  temperatures  where  the  concentration  of  the  solution  is  too  weak  to 
prevent  ice  formation,  ice  will  form  but  will  not  bond  firmly  to  the  road  and  so  the 
traffic  breaks  it  and  displaces  it  to  the  side  of  the  road.  Thus,  this  process  will 
control  ice  formation  even  at  very  low  temperatures  (-29°C). 

Owing  to  the  absence  of  a bond  between  the  ice  and  road  surface,  normal 
plowing  operations  can  remove  the  snow  and  ice  from  the  road  completely  but  the  use 
of  Verglimit  does  not  totally  eliminate  the  need  for  salt  or  other  methods  of  snow 
fighting  in  some  situations.  The  disadvantages  of  Verglimit  at  present  is  its  very 
high  cost,  and  the  limited  experience  which  paving  companies  have  with  the  material 
in  handling,  mixing  and  laying.  However,  even  in  limited  applications,  some  consi- 
derable savings  are  to  be  achieved  by  paving  the  potentially  most  hazardous  sections 
of  road  with  Verglimit. 

The  problem  of  taking  the  right  action  at  the  right  time  and  place,  continues 
to  be  one  of  the  major  difficulties  in  snow  and  ice  control  and  remains  subject  to 
human  error.  Figure  9.4  shows  a maintenance  circuit  for  one  salting  vehicle.  The 
Sections  A,  B,  C and  D are  sections  of  road,  representing  different  degrees  of 
hazard.  Section  D represents  a bridge  over  a deep  ravine  at  the  bottom  of  the  hill. 
The  bridge,  of  course,  ices  over  more  quickly  than  the  rest  of  the  road  and  as  a 
result  would  demand  more  applications  of  salt  than  the  A sections  (straight  and 
flat).  The  Sections  B and  C represent  similarly  hazardous  sections  demanding  more 
applications  of  salt  than  the  A sections.  If  the  D section  needs  120  applications 
per  winter  due  to  the  extreme  hazard  of  the  site,  paving  with  Verglimit  of  that 
section  would  reduce  the  routine  maintenance  program  to  100  applications  per 
winter.  Similarly,  by  paving  B and  D sections  with  Verglimit,  the  overall  routine 
maintenance  would  be  reduced  to  40  passes  per  winter.  Thus  by  simply  protecting 
highly  hazardous  sections  with  Verglimit,  it  may  be  possible  to  achieve  considerable 
savings  in  routine  maintenance. 
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Fig.  9.3.  Benefits  and  costs  of  salt-enhanced  de-icing 


ABT  Study*  : 6.3  to  1 

TISA  Study**:  18.1  to  1 

Murray,  D.  M.  and  Ernst,  U.  F.  W.  "An  Economic  Analysis  of  the  **  Brenner,  R.,  and  Moshman,  J.  "Benefits  and  Costs  in  the  Use  of 

Environmental  Impact  of  Highway  Deicing"  Report  No.  EPA-600/2-  Salt  to  Deice  Highways,"  The  Institute  for  Safety  Analysis  (TISA), 

76-105,  U.S.  Environmental  Protection  Agency,  May  1976  Washington,  D C.,  November  1976 
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Normol  rood  A 
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Roilwoy  overpasses  B 

B 

80 

Forest  bends  ond  hills 

C 

100 

River  bridge 

D 

120 

Fig.  9.4.  Example  of  maximum  benefit  of  "Verglimit" 

9.5  ASSESSING  RISKS  AND  BENEFITS 

Clearly,  the  identification  and  assessment  of  risks  relating  to  the  use  of  de- 
icing chemicals  is  complex.  Snow  and  ice  on  roads  are  generally  perceived  as 
hazards  which  decrease  safety,  limit  mobility  and  increase  energy  demand.  While  it 
has  not  been  firmly  established,  salting  might  be  expected  to  reduce  the  risk  of 
accidents,  reduce  transportation  costs  and  tardiness  and  absenteeism  in  the  work- 
place and  improve  the  response  time  of  emergency  vehicles.  Removal  of  snow  and  ice 
by  some  means  would  thus  appear  to  reduce  risks  in  several  areas.  Balanced  against 
these  advantages  are  the  disadvantages  of  increasing  costs  of  chemicals  and  labour 
and  potential  economic  losses  resulting  from  damage  to  vehicles,  streets,  bridges, 
vegetation  and  water.  These  risks  and  benefits  seem  obvious  but  are  difficult  to 
evaluate. 

However,  appearances  may  be  deceiving.  To  begin  with,  we  have  no  clear-cut 
evidence  that  salting  reduces  accidents  below  the  level  at  which  they  would  occur  if 
no  chemicals  were  used  (Murray  and  Ernst  1976).  A major  problem  in  assessing  the 
relationship  between  salting  and  the  occurrence  of  accidents  is  that  we  do  not  know 
how  to  take  account  of  adjustments  in  driving  patterns  on  snow  and  ice-covered 
roads.  Drivers  respond  to  changing  road  conditions  whether  for  surface,  precipi- 
tation, fog,  ice  or  traffic  density.  Murray  and  Ernst  (1976)  suggest  that  we  drive 
in  ways  that  keep  the  perceived  risk  constant. 

In  practice,  most  drivers  consider  a bare  road  far  safer  than  one  covered  with 
ice  or  snow,  regardless  of  driving  skill.  Consequently,  there  is  strong  political 
pressure  on  municipalities  and  highway  authorities  to  attempt  to  keep  roads  clear  by 
using  ploughs  and  chemicals.  This  public  concern  may  encourage  the  application  of 
more  salt  then  is  actually  necessary  to  maintain  a reasonably  clear  surface  and 
tends  to  escalate  the  costs  and  the  potential  for  environmental  damage. 

The  solution  to  the  problem  calls  for  technological  and  social  imput  in 
giving,  on  the  one  hand,  more  information  on  how  useful  or  hazardous  road  chemicals 
really  are  and,  on  the  other,  finding  ways  to  reduce  the  expectations  of  drivers  and 
encourage  appropriate  driving  skills  for  snow  and  ice.  Acceptance  of  a lower  level 
of  mobility  and  development  of  higher  levels  of  driving  skills  could  do  much  to 
improve  safety  and,  at  the  same  time,  reduce  environmental  damage  (Jones  1981). 
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CASE  STUDY  No.  10 
RADIATION  IN  PORT  HOPE 

Roger  S.  McCullough 
Environmental  Health  Directorate 
Department  of  National  Health  and  Welfare,  Ottawa,  Ontario 


10.1  HISTORICAL  BACKGROUND 

Port  Hope  is  a town  of  about  10,000  population,  located  100  km  east  of 
Toronto,  Ontario  on  the  shore  of  Lake  Ontario.  Eldorado  Nuclear  Limited  (formerly 

Eldorado  Gold  Mines  Limited)  has  been  located  in  Port  Hope  since  1932,  where  it  has 

been  refining  pitchblende  and  other  ores,  for  radium  and  later  uranium.  The  ores 
originally  came  from  the  far  Canadian  north  and  more  recently  also  from  mines  in 
Ontario  (Elliot  Lake,  Bancroft).  The  Federal  Government  took  over  Eldorado  as  a 
Crown  Corporation  in  1944;  in  1933  the  Port  Hope  plant  was  expanded. 

The  first  waste  products  from  the  recovery  of  radium  were  produced  in  1933. 
Until  1939,  these  were  kept  on  the  plant  site.  From  1939  to  1944,  they  were  depo- 
sited in  the  Lakeshore  Residue  Area  but  from  1942  to  1944  were  also  placed  in  tempo- 
rary storage  on  the  plant  site  and  in  "various  locations"  within  the  Town  of  Port 
Hope,  as  shown  in  Fig.  10.1.  The  Monkey  Mountain  Residue  Area  was  used  from  1945  to 

1948  and  the  Welcome  Residue  Area  was  used  from  1949  to  1954.  From  1948  to  1974, 

the  Pidgeon  Hill  Storage  Area  adjoining  the  municipal  garbage  dump  was  used  for  the 
storage  of  contaminated  equipment  and  wastes.  Some  incineration  of  refinery  wastes 
took  place  there,  but  no  burial.  The  Port  Granby  site,  1 1 km  west  of  Port  Hope,  was 
first  used  in  1955  and  by  1974  it  was  the  only  site  still  in  use.  One  other  deve- 
lopment worth  mentioning  was  the  sale  and  removal  of  at  least  9800  tons  of  residue 
from  Lakeshore,  Monkey  Mountain  and  Welcome  for  extraction  of  metals  which  became 
possible  because  of  the  increased  value,  especially  of  cobalt  and  nickel,  as  well  as 
uranium.  All  remaining  residues  from  Lakeshore  were  transferred  to  Port  Granby,  as 
was  much  of  the  remainder  of  the  residues  in  Monkey  Mountain  (Knight  1976). 

During  the  course  of  these  operations  and  even  as  early  as  1945,  low-level 
radioactive  wastes  became  dispersed  within  the  town  by  being  incorporated  into  fill 
used  for  housing  developments  and  into  building  materials.  Contamination  could  have 
resulted  from  any  of  the  following  causes  (in  approximate  order  of  importance): 

(a)  dispersion  of  contaminated  fill,  building  rubble  and  reclaimed 
building  materials  that  originated  from  the  refinery  property: 
some  of  this  was  sold  by  the  contractors  (Sanger  1981)  but 
much  of  the  dispersion  seems  to  have  been  condoned  rather  than 
legally  approved; 

(b)  contamination  of  temporary  storage  locations  later  used  for 
other  purposes; 

(c)  spillage  during  road  or  rail  loading  or  transport; 

(d)  surface  water  run-off  from  past  disposal  areas  containing  arse- 
nic and  other  toxic  materials  (not  significant  except  in  the 
case  of  Monkey  Mountain); 

(e)  use  of  past  disposal  areas  within  the  built-up  areas  of  the 
town  potentially  for  new  construction. 

In  1966,  a University  of  Toronto  nuclear  engineer,  Prof.  D.G.  Andrews,  under- 
took a survey  of  external  radiation  in  the  Port  Hope  area  at  the  invitation  of  the 
Royal  Canadian  Mounted  Police  (RCMP)  (Sanger  1981).  This  consisted  of  measurements 
of  whole  body  gamma  exposures  mainly  in  the  vicinities  of  the  radioactive  waste  dis- 
posal sites.  There  was  little  or  no  media  coverage  or  public  interest  at  the  time. 
His  report  (Andrews  1967),  sent  to  the  Atomic  Energy  Control  Board  (AECB)  and  to 
Eldorado  management  and  workers,  remained  and  remains  unpublished.  Andrews  expres- 
sed concern  with  waste  management  practices  that  he  claimed  did  not  comply  with 
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Atomic  Energy  Control  Regulations.  The  AECB  did  not  accept  his  findings  or  recom- 
mendations since  there  was  no  proof  of  adverse  health  effects  and  little  action 
took  place  for  a number  of  years. 
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Fig.  10.1  Map  of  the  Port  Hope  area  (Knight  and  Makepeace  1978). 


RADIATION  IN  PORT  HOPE 


231 


10.2  REGULATORY  ASPECTS  (1939-1974) 

During  the  Second  World  War  (1939-1943),  the  acquisition  and  disposal  of 
radium  and  uranium  were  controlled  under  the  Canadian  War  Orders  and  Regulations. 
In  1946,  the  Atomic  Energy  Control  Act  established  the  Atomic  Energy  Control  Board 
to  make  regulations  in  this  area.  In  1960,  the  regulatory  responsibilities  of  the 
AECB  were  extended  to  include  matters  of  health  and  safety  for  both  workers  and  the 
public  as  a result  of  the  operation  of  nuclear  facilities  and  dose  limits  were 
stipulated  for  the  first  time.  In  the  main,  the  AECB  has  dealt  with  well-identified 
licences  and  with  recognized  industries  and  processors  but  not  to  any  extent  with 
public  concerns. 

The  Radiation  Protection  Bureau  of  the  Department  of  National  Health  and 
Welfare  acts  as  a health  advisor  to  the  AECB.  The  provincial  Ministries  of  Health 
and  Labour  have  gradually  developed  the  expertise  to  assume  a fuller  and  more  res- 
ponsible role  in  the  practical  aspects  of  radiation  medicine  and  health. 

New  regulations  under  the  Atomic  Energy  Control  Act  in  1974  defined  "nuclear 
facility"  for  the  first  time  in  such  a way  as  to  include  the  operation  of  Eldorado 
at  Port  Hope,  and  further  stipulated  the  conditions  under  which  a single  licence, 
rather  than  the  previous  variety  of  licences,  could  be  issued  to  operate  such  a 
facility.  In  order  to  meet  these  requirements,  Eldorado  in  late  1974  supplied  the 
AECB  with  a manual  that  fully  described  its  operations. 


10.3  INVESTIGATIVE  PHASE  (1973-1976) 

Although  it  was  generally  known  in  the  nuclear  community  that  some  low-level 
contamination  existed  in  Port  Hope,  there  was  no  particular  concern  about  adverse 
health  effects  and  little  action  was  taken.  However,  the  state  of  public  awareness 
was  changing,  and  higher  standards  for  public  health  and  environmental  protection 
were  considered  desirable.  These  changing  attitudes  led  Eldorado  in  August  1974  to 
re-evaluate  the  management  of  its  old  residue  areas  and  to  study  its  total  waste 
management  program.  As  part  of  this  assessment,  a firm  of  consultants  was  hired  to 
undertake  a hydro-geological  study  in  February  1975  at  the  Port  Granby  Residue  Area. 
This  marked  the  beginning  of  remedial  work  in  Port  Hope. 

The  eventual  extensive  publicity  and  investigations  into  the  situation  at 
Port  Hope  were  set  off  by  a number  of  factors.  According  to  Boyd  (1977),  they  were 
triggered  by  inquiries  arising  out  of  the  investigation  begun  in  late  1974  into  con- 
tamination discovered  at  103  Church  Street,  Toronto,  which  had  housed  a radium  labo- 
ratory in  the  1940's.  Partly  as  a result  of  this,  Eldorado  commenced  a thorough 
investigation  of  its  Port  Hope  operations  in  1975,  which  included  a search  of  plant 
records,  interviews  with  long-term  employees  and  an  invitation  for  information  from 
local  citizens. 

At  the  same  time,  there  were  changes  in  the  management  of  the  AECB.  Three  of 
the  five  members  of  the  governing  Board  retired  and  were  replaced.  These  included 
the  presidents  of  Atomic  Energy  of  Canada  Limited,  Eldorado  Nuclear  Limited,  and  the 
AECB  itself.  A new  AECB  president,  Dr.  A.T.  Prince,  was  appointed  on  February  20, 
1975.  Under  new  management  and  revised  regulations,  AECB  undertook  in  1975  a 
nation-wide  review  of  past  nuclear  operation  sites  and  disposal  practices. 

Mendes  (1978)  gives  a useful  summary  of  this  whole  period.  She  records  that 
the  following  incident  took  place  in  the  late  spring  of  1975,  although  Sanger  (1981) 
says  that  it  took  place  in  1974.  Some  cows  belonging  to  a Port  Granby  farmer  broke 
through  or  found  a hole  in  a fence  and  grazed  near  Eldorado's  dump  site  in  Port 
Granby.  Six  of  the  animals  subsequently  died,  not  of  radiation  effects,  but  of 
nitrate  or  possibly  arsenic  poisoning.  The  incident  sparked  some  action  at  the 
local  level.  The  Energy  Probe  group  at  the  University  of  Toronto  arranged  to  have 
the  Gamma  Graph  Company  conduct  a series  of  tests  for  radioactivity  and  toxicity  in 
the  city  and  three  of  the  dump  sites.  Readings  at  Port  Granby  and  in  the  city  were 
below  the  levels  thought  to  be  acceptable.  Only  at  the  Monkey  Mountain  area  were 
unusually  high  levels  found.  Professor  Andrews  was  also  asked  to  carry  out  radia- 
tion monitoring  at  the  dump.  A program  outlining  the  results  was  shown  on  a local 
CBC  - TV  show  in  June  1975.  It  was  reported  that  there  were  "high  radioactivity 


232 


r.s.  McCullough 


counts,  seepage  from  the  sites,  scarring  of  the  landscape,  and  the  possibility  of 
toxic  materials  leaking  into  the  water  tables".  It  was  concluded  that  "there  was 
complacency  on  the  part  of  Eldorado  regarding  the  health  and  safety  of  the  surroun- 
ding environment". 

Member  of  Parliament  for  Northumberland-Durham  (which  includes  Port  Hope) 
Mr.  Allan  Lawrence,  wrote  a letter  to  the  Minister  of  the  Environment,  Madame  3. 
Sauve,  on  June  26,  1973,  and  asked  questions  in  the  House  of  Commons  on  July  2,  15 
and  28,  1975,  all  concerning  radioactive  wastes  from  the  Eldorado  Nuclear  refinery 
at  Port  Hope.  Although  Mr.  Lawrence  requested  a public  inquiry  and  an  independent 
investigation,  the  Federal  Government  decided  that  more  data  were  required  before 
deciding  if  a special  independent  investigation  was  needed.  Consequently,  the 
Atomic  Energy  Control  Board,  the  Department  of  National  Health  and  Welfare  and  the 
Ontario  Ministry  of  Health  cooperated  in  monitoring  Port  Hope  for  radioactivity 
including,  for  the  first  time,  indoor  readings.  In  several  cases,  levels  of  radon 
and  radon  daughters  inside  homes,  and  radioactivity  levels  at  inactive  storage  sites 
(especially  Welcome),  were  found  to  be  above  recommended  safe  levels  for  nuclear 
facilities,  which  were  the  only  standards  existing  at  the  time. 

On  December  12,  1975,  St.  Mary's  Separate  School  was  temporarily  closed  for 
improvements  in  the  ventilation  system,  following  analysis  of  its  atmosphere  by  the 
Ontario  Ministry  of  Health.  The  Globe  and  Mail  on  December  16,  1975,  reported 
"Children  in  a Port  Hope  School  have  been  breathing  radioactive  gas  that  has  been 
linked  to  lung  cancer".  The  problem  arose  because  waste  materials  from  Eldorado 
Nuclear  Limited  were  used  as  fill  during  preparation  of  the  school  site  in  1955 
before  the  school  was  built  in  1961.  Despite  the  Globe  and  Mail's  report,  it  is 
clear  that  no  observable  adverse  health  effects  could  be  expected  among  the  school 
children  since  the  radiation  levels  were  very  low,  as  were  the  number  of  children 
exposed.  St.  Mary's  school  remained  closed  until  1977.  The  Federal  Government 
agreed  to  pay  the  full  cost  ($250,000)  required  to  clean  up  the  fill  around  and 
under  the  school  as  well  as  the  costs  of  the  temporary  classrooms  and  trans- 
portation. 

In  December  1975,  after  the  AECB  and  the  Ontario  Ministry  of  Health  concluded 
that  a systematic  approach  to  the  problem  was  needed,  surveys  for  higher-than-normal 
levels  of  external  and  interior  radiation  were  begun. 

One  problem  that  occurred  during  these  initial  months  of  monitoring  and  inves- 
tigation concerned  the  release  of  information.  The  media  appeared  to  want  any  and 
all  information  immediately  and  often  even  before  it  was  available.  Out  of  respect 
for  privacy  and  because  data  were  not  available  or  were  difficult  to  interpret  even 
by  experts,  the  AECB  and  the  Ontario  Government  would  not  reveal  names  and  numbers 
of  persons  involved.  The  media  wrote  their  stories  anyway,  and  the  government  agen- 
cies tried  to  be  objective  and  reassuring.  Ontario  Health  Minister  Frank  Miller 
stated  that  he  was  satisfied  that  there  was  no  risk  to  the  public,  but  the  public 
seemed  fearful  and  suspicious  anyway.  The  media  encouraged  and  participated  in 
speculation,  and  tended  to  put  the  AECB  on  the  defensive  since  definitive  answers 
were  not  always  available. 

In  February  1976,  a Federal-Provincial  Task  Force  was  established  to  coordi- 
nate the  investigation  of  radioactive  contaminants  in  the  Port  Hope  area,  and  to 
expedite  such  remedial  action  as  appeared  to  be  necessary.  The  Minister  of  Energy, 
Mines  and  Resources,  Alastair  Gillespie,  made  the  announcement  following  the  tabling 
in  the  House  of  Commons  of  documents  about  radioactive  locations  in  Canada  and 
reports  on  the  Port  Hope  situation. 

Part  of  this  announcement  was  as  follows: 

Although  investigative  and  remedial  actions  have  been  started 
and  are  continuing  at  Port  Hope,  it  has  been  decided  to  form  a 
Task  Force  in  order  to  bring  together  in  a coordinated  and 
concerted  way  the  expertise  of  various  Federal  Departments  and 
agencies  and,  provincial  departments  and  agencies.  The  initial 
priority  of  the  task  force  will  be  to  complete  the  investiga- 
tion and  clean-up  underway  in  Port  Hope  where  the  Atomic  Energy 
Control  Board,  in  cooperation  with  the  Ontario  Ministry  of 
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Health,  has  a program  already  underway.  The  AECB  has  contrac- 
ted with  a firm  of  consulting  engineers  to  assess  the  scope  and 
potential  cost  of  the  Port  Hope  clean-up.  It  is  planned  to 
have  a consultant,  later  appointed  as  a project  manager,  for 
the  completion  of  the  clean-up  operation.  The  collective 
action  of  federal  and  provincial  agencies  under  the  task  force 
will  make  provision  for  additional  resources  of  personnel  and 
expertise  for  the  expeditious  completion  of  both  the  investiga- 
tive and  clean-up  program. 

The  Task  Force  will  be  established  under  the  leadership 
of  the  Atomic  Energy  Control  Board  and  will  include  the  follow- 
ing Federal  Departments:  Health  and  Welfare  Canada;  Environment 
Canada;  Energy  Mines  and  Resources;  and  the  Department  of  Nati- 
onal Defence.  Provincial  representation  will  be  invited  from 
the  appropriate  ministries  including  Health  and  Environment,  of 
the  provinces  in  which  radioactive  areas  are  located." 

The  objectives  of  the  Task  Force  specifically  were  to  coordinate  the  investi- 
gation of  private  and  public  premises  in  Canada  in  which  radioactive  material  was 
known  or  suspected  to  exist  and  to  expedite  the  necessary  remedial  action  by: 

1.  providing  advice  to  government  on  the  measures  to  be  taken  to 
expedite  the  investigation  and  the  implementation  of  remedial 
actions; 

2.  approving  action  plans  governing  the  scope,  extent  and  schedule 
of  measures  to  be  implemented; 

3.  arranging  for  the  allocation,  on  a priority  basis,  of  the  re- 
sources deemed  essential  to  the  timely  and  effective  implemen- 
tation of  the  above-mentioned  action  plans;  and, 

A.  identifying  and  reviewing  the  legislative  and  regulatory  basis 
for  the  current  investigative  and  remedial  actions  and  such 
future  actions  as  may  be  found  necessary. 

The  first  priority  of  the  Task  Force  was  to  achieve  these  objectives  in  Port 
Hope,  since  the  radioactive  materials  causing  the  elevated  radiation  levels  there 
had  been  introduced  by  human  action.  Without  going  into  detail  regarding  the  deci- 
sions made  by  the  various  committees,  the  task  force  and  its  working  groups,  the 
general  principle  on  which  action  could  subsequently  be  taken  was  that  the  radiation 
levels  should  not  differ  significantly  from  local  natural  background.  In  the  case 
of  Port  Hope,  the  natural  background  was  represented  by  preliminary  data  from  the 
nearby  town  of  Cobourg,  Ontario. 

The  whole  situation  was  unigue.  Much  thought,  study  and  discussion  took  place 
before  decisions  were  taken.  Details  on  the  criteria  for  action  are  given  in  the 
next  section. 


10.4  HEALTH  RISKS 

The  idea  of  tiny  invisible  particles  causing  unfelt  and  sometimes  irreparable 
damage  to  the  human  body  (see  Appendix)  has  given  rise  to  innumerable  intemperate 
statements  regarding  the  risk  of  radiation.  Howard  (1980)  covers  the  Port  Hope 
situation  rather  more  dramatically  than  the  present  study.  On  the  subject  of  radia- 
tion in  general,  he  appears  to  overstate  and  over-generalize  his  case  ("contaminant 
of  such  complexity  and  deadly  potential",  "priesthood  of  scientists").  Sanger's 
(1981)  recent  book  is  written  in  a similar  vein,  which  puts  down  the  professional 
radiation  doctors  and  physicists. 

Early  in  the  investigative  work  in  Port  Hope,  Knight  (1976)  pointed  out  that 
there  was  not  a serious  immediate  hazard.  However,  because  the  contamination  was 
widespread  and  could  affect  a significant  portion  of  the  population,  action  to 
reduce  or  eliminate  the  source  of  radiation  was  necessary  in  order  that  accumulated 
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doses  to  any  individuals  over  the  long  term  would  not  be  in  excess  of  the  maximum 
permissible  doses  to  atomic  radiation  workers  given  in  the  Atomic  Energy  Control 
Regulations. 

In  this  section,  an  attempt  is  made  to  define  the  actual  risk  to  human  health 
in  Port  Hope  in  guantitative  terms  and  put  it  in  context.  Humans  have  always  been 
exposed  to  natural  radiation  at  low  levels,  whether  from  space,  from  the  earth,  or 
from  isotopes  within  their  own  bodies.  Exposure  to  normal  levels  of  natural  radia- 
tion cannot  be  controlled  other  than  by  relocating  to  a place  with  lower  levels. 
Control  is  naturally  desirable  if  an  increase  of  exposure  occurs  as  a result  of 
human  practices  and  actions. 

In  Port  Hope,  the  health  hazard  resulting  from  the  contamination  presented 
itself  in  two  forms: 

1.  Radon  gas  and  its  decay  product  known  as  "radon  daughters", 
from  radium-bearing  residue  material; 

2.  Alpha,  beta  and  gamma  radiation  contamination  in  building  mate- 
rials (mainly  external  gamma  radiation). 

In  the  case  of  radon  and  its  daughters,  concentrations  vary  widely  from  place 
to  place  and  from  time  to  time.  It  was  decided  to  take  a total  of  ten  spot  samples 
in  any  one  location  to  give  the  estimated  total  dose  for  the  period.  Concentrations 
were  measured  in  pCi/L  for  radon  and  in  WL  for  radon  daughters  (see  Glossary). 

Decision  levels  were  as  follows: 


Radon  Radon  Daughters 


Investigation  3 pCi/L 
Remedial  action  7 pCi/L 
Prompt  interim  action  50  pCi/L 


0.01  WL 
0.02  WL 
0.15  WL 


If  the  levels  in  a home  were  less  than  the  investigation  level,  then  no  fur- 
ther action  was  taken.  If  a level  was  exceeded,  then  the  home  was  put  in  the  appro- 
priate category  for  further  work,  and  for  high  enough  levels,  the  work  was  done 
almost  immediately. 


For  the  less  variable  gamma  radiation,  an  investigation  level  was  not  regui- 
red,  but  decision  levels  were  as  follows: 


Remedial  action 
Prompt  interim  action 


Indoors  Outdoors 


0.05  mR/hr  0.1  mR/hr 

0.1  mR/hr  0.25  mR/hr 


In  each  case,  the  remedial  action,  or  safety  levels  were  selected  to  be  simi- 
lar to  those  specified  in  the  Atomic  Energy  Control  Regulations  for  limiting  the 
exposure  of  persons  living  in  the  neighbourhood  of  licenced  nuclear  facilities. 
Alternatively  the  same  recommended  maximum  acceptable  annual  exposure  is  eguivalent 
to  one  tenth  of  that  exposure  permitted  for  radiation  workers. 


The  basis  of  dose  limitation  in  radiation  protection  is  risk  limitation.  With 
respect  to  risks  in  Port  Hope,  the  operative  principle  chosen  by  the  Task  Force  was 
that  no  exposure  of  the  public  in  excess  of  natural  background  should  be  permitted. 
For  exposure  to  radon  and  radon  daughters,  the  most  defensible  upper  bound  for 
life-time  risk  using  generally  accepted  dose-response  relationships  is  10“^  lung 
cancer  deaths  per  WLM  (see  Glossary).  This  means  a risk  of  one  lung  cancer  death 
per  10,000  population  each  exposed  to  one  WLM.  The  corresponding  upper  bound  to  the 
expected  lung  cancer  deaths  at  a continual  exposure  of  0.02  WLM  is  no  more  than  0.15 
per  10,000  population  or  an  average  of  one  death  per  10,000  people  exposed  every  six 
years.  Note  that  the  use  of  upper  bounds  may  considerably  over-estimate  this  effect. 
Also  only  a tiny  proportion  of  the  population  of  Port.  Hope  was  at  any  time  exposed 
to  levels  as  high  as  0.02  WL.  From  Table  10.1,  it  can  be  seen  that  only  355  of  Port 
Hope  homes  had  concentrations  that  high,  and  these  were  usually  encountered  in 
basements. 
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Table  10.1  Average  indoor  radon  and/or  radon  daughter  concentrations  in  random 
samples  of  homes  in  each  city 


Community 

Mean  WL  value 

% of  homes  >0.02  WL 

Uranium  City^ 

0.013 

15 

Elliot  Lake' 

0.008 

16 

Bancroft^ 

0.007 

17 

Deloro^ 

0.006 

13 

Sudbury^ 

0.036 

7 

Fredericton^ 

0.0032 

3 

Halifax^ 

0.0031 

5 

Port  Hope^ 

0.0029 

3 

Thunder  Bay^ 

0.0025 

2 

Sherbrooke^ 

0.0023 

6 

Calgary^ 

0.0019 

0 

Charlottetown^ 

0.0018 

1 

Saint  John^ 

0.0018 

3 

Toronto^ 

0.0018 

1 

St.  Lawrence^ 

0.0017 

4 

St.  John's^ 

0.0015 

1 

Montreal^ 

0.0014 

1 

Cobourg^ 

0.0014 

0 

Quebec^ 

0.0013 

2 

Vancouver^ 

0.009 

0 

Source:  ^Knight  and  Makepeace  (1978);  ^McGregor  et_  al.  (1980) 


The  risks  from  external  gamma  radiation  were  estimated  to  be  less  than  those 
for  radon  and  radon  daughters.  In  addition,  there  were  possible  hazards  from  drin- 
king water  contamination  and  from  the  consumption  of  vegetables  grown  in  contami- 
nated soil.  Actual  radiation  levels  were  monitored  over  a period  of  several  years 
and  the  conclusion  was  reached  that  such  risks  were  negligible. 

Little  was  known  about  natural  background  radiation  levels  in  1976  but  nation- 
wide surveys  were  carried  out  subsequently.  Some  results  are  shown  in  Table  1 for 
20  Canadian  communities.  Uranium  City,  Elliot  Lake  and  Bancroft  are  situated  in 
uranium  mining  areas  and  have  had  known  contamination  of  residential  areas  largely 
from  natural  sources  with  some  surface  contamination  caused  by  human  activity. 
Other  locations  shown  in  Table  1 such  as  Sudbury,  Sherbrooke  and  Halifax  have  enough 
background  radioactivity  from  natural  sources  to  give  significantly  higher  values 
than  Port  Hope,  where  radiation  introduced  by  human  activity  is  present. 

In  October  1979,  a preliminary  analysis  of  mortality  of  Port  Hope  was  carried 
out  by  the  Bureau  of  Epidemiology,  Department  of  National  Health  and  Welfare  (see 
Table  10.2).  It  was  based  on  data  available  from  Statistics  Canada  for  lung  cancer 
andleukemia,  for  the  years  1966-1977.  Comparisons  were  made  between  Port  Hope  and 
the  whole  of  Canada,  and  between  Port  Hope  and  13  comparison  communities  similar  in 
size  and  geographical  location,  namely,  Arnprior,  Carleton  Place,  Cobourg,  Deep 
River,  Gananoque,  Lindsay,  Napanee,  Petawawa,  Perth,  Picton,  Renfrew,  Smith's  Falls 
and  Trenton. 

The  expected  number  of  lung  cancer  deaths  in  Port  Hope  was  about  3 per  year. 
The  actual  number  was  2.8.  The  expected  number  of  deaths  from  all  cancers  was  about 
18  per  year.  The  actual  number  was  16.  The  conclusions  from  this  preliminary 
analysis  was  as  follows: 

1.  The  risk  of  death  due  to  lung  cancer  in  Port  Hope  1966-1977  was 
not  significantly  different  from  that  for  all  Canada  or  that 
for  the  13  comparison  communities. 

2.  The  risks  of  death  due  to  leukemia  and  all  cancers  combined  in 
Port  Hope  1966-1977  were  not  significantly  different  from  those 
for  the  13  comparison  communities. 
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Table  10.2. 

Observed 

and  expected 

deaths  - 

Port  Hope 

1966-1977 

Observed 

Males 

Expected 
(1)  (2) 

Observed 

Females 

Expected 
(1)  (2) 

Cancer 

All  cancers 

93 

105 

109 

100 

104 

103 

Lung  cancer 

24 

27.9 

32.4 

9 

6.8 

7.1 

Leukemia 

3 

4.4 

5.4 

5 

3.8 

4.2 

Non-cancer 

All  causes 

of  death 

602 

5431 

633 

557 

519 

574 

Diseases  of 
circulatory 

the 

system 

340 

271 2 

338 

326 

2871 

329 

(1)  Based  on  all  of  Canada;  (2)  Based  on  13  comparison  communities 
1 p <0.01;  ^ p <0.05  probability  that  difference  between  observed  and  expected 
numbers  is  due  to  chance  alone 

Note:  There  were  no  deaths  attributed  to  cancers  of  the  bone  and  thyroid. 

Source:  Bureau  of  Epidemiology,  L.C.D.C.,  Health  Protection  Branch, 

Health  and  Welfare  Canada,  Ottawa,  October  4,  1979. 


3.  The  risk  of  death  due  to  all  causes  of  death  combined  was  sig- 
nificantly higher  among  males  in  Port  Hope  1966-1977  compared 
to  all  of  Canada,  but  was  somewhat  lower  than  that  for  the  13 
comparison  communities.  Similar  results  were  found  for  disea- 
ses of  the  circulatory  system  in  both  sexes. 


10.5  REMEDIAL  PHASE  (1976-1979) 

x 

Although  the  health  risk  from  radioactive  materials  was  considered  to  be  low, 
the  criteria  developed  by  the  Task  Force  and  its  Working  Groups  inevitably  led  to  a 
solution  involving  removal  of  fill  on  a priority  basis  depending  on  the  results  of 
preliminary  monitoring  of  radon  and  radon  daughter  levels.  This  was  a feasible, 
although  expensive  process,  based  on  the  assumption  that  what  had  been  brought  in 
could  be  taken  out  again,  and,  it  did  provide  a permanent  solution. 

There  was  a delay,  however,  until  June  1976,  when  a storage  site  at  the  Chalk 
River  Nuclear  Laboratories  (320  km  away)  was  selected.  Risks  taken  during  the 
removal  process  (i.e.  risks  of  accidents  from  the  digging  or  transportation  stages) 
were  not  a significant  part  of  determining  the  remedial  action  because  such  risks 
were  thought  to  be  normal  and  necessary. 

By  October  1976,  James  F.  MacLaren  Ltd.  (the  program  manager),  was  installed 
in  Port  Hope  and  work  was  progressing  on  the  determination  of  details  of  remedial 
work.  This  had  involved  the  movement  of  contaminated  fill  to  a temporary  holding 
area  on  the  Port  Hope  jetty,  before  transportation  to  the  chosen  waste  management 
site.  By  October  1976,  about  4,000  tons  had  been  moved  to  its  final  destination  of 
a total  of  9,000  tons  stockpiled. 

By  April  1977,  the  AECB  reported  that  investigational  survey  work  in  Port  Hope 
was  practically  completed.  With  both  gamma  radiation  and  radon  measurements  avai- 
lable, it  was  determined  that  of  3,710  properties  examined  in  the  community,  some 
550  appeared  to  require  remedial  work  and  another  500  needed  further  investigation 
on  the  basis  of  the  various  criteria.  In  the  meantime,  James  F.  MacLaren  Ltd.  con- 
tinued with  remedial  work  including  that  around  St.  Mary's  School  which  was  ready 
for  re-occupancy  in  September  1977. 

The  Chalk  River  Nuclear  Laboratories  of  Atomic  Energy  of  Canada  Limited, 
continued  to  be  used  as  a repository  for  the  low-level  waste.  Some  9,000  tons  were 
trucked  to  the  site  in  1976  and  it  is  estimated  that  another  75,000  tons  were  moved 
there  in  1977.  The  laborious  process  continued  through  1977  and  1978. 
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Eventually  about  450  homes  were  decontaminated.  Of  these,  280  exceeded  the 
gamma  radiation  criterion  as  they  involved  decontaminated  building  material  which 
could  be  removed  relatively  simply.  Of  the  remainder  most  (130)  exceeded  the  radon/ 
radon  daughter  criterion  because  of  the  nearby  presence  of  contaminated  soil. 

One  problem  that  remained  was  waste  amounting  to  about  200,000  tons  of  low- 
level  material  at  a number  of  open  areas  about  the  town.  However,  the  site  at  Chalk 
River  was  full  and  no  new  waste  management  site  was  available  to  accept  new  waste 
material . 

In  April  1980,  the  Federal-Provincial  Task  Force  on  Radioactivity  reported  the 
completion  of  remedial  action  of  interior  and  exterior  clean-up  in  Port  Hope  buil- 
dings. The  open  area  remained  to  be  dealt  with,  but  no  disposal  site  was  available. 
The  cost  of  the  program  to  the  end  of  January  1980  has  been  $6,753,000.  During  the 
flood  of  the  Ganaraska  River  in  1980,  another  15,000  tons  were  exposed  by  erosion  of 
an  undeveloped  road  allowance  (Sanger  1981). 

Because  it  was  felt  that  much  more  information  was  needed  on  actual  human 
health  effects,  an  agreement  has  been  reached  to  carry  out  a major  health  study  of 
Port  Hope  to  be  done  by  Queen's  University.  The  estimated  cost  of  $130,000  is  being 
shared  egually  between  the  Federal  and  Provincial  Health  Departments. 

The  terms  of  reference  for  this  study  are  as  follows: 

Phase  1:  an  epidemiologic  "cohort"  mortality  study  in  which  current  and 

former  residents  of  Port  Hope  and  a "control"  town  would  be 
traced  over  time  to  determine  whether  an  increased  risk  of 
cancer  can  be  detected  among  persons  exposed  to  radiation  in 
Port  Hope  dwellings. 

Phase  2:  an  epidemiologic  "case-control"  study  of  lung  cancer  to  assess 

the  importance  of  domestic  radiation  exposure,  controlling  for 
the  influence  of  smoking  habits. 


10.6  CONCLUDING  REMARKS 

The  words  "radiation"  and  "contamination"  are  red  flags  that  lead  to  percep- 
tions of  risk  which  are  much  greater  than  objectively  estimated  risks.  With  a few 
exceptions,  the  risk  levels  in  Port  Hope  even  with  widespread  "contamination  from 
radioactive  wastes"  do  not  appear  to  be  as  high  as  the  natural  background  levels  in 
some  other  Canadian  cities.  No  link  to  any  adverse  health  effects  has  been  shown, 
although  further  study  is  underway. 

In  a survey  of  28  randomly  selected  households,  all  of  which  were  in  the 
"immediate  hazard"  category,  Mendes  (1978)  has  come  up  with  some  interesting  statis- 
tics. She  reports  that  75%  of  the  Port  Hope  respondents  were  pleased  with  the  reme- 
dial work.  Also,  79%  felt  that  the  possible  adverse  health  effects  of  radioactivity 
on  Port  Hope  residents  had  been  exaggerated.  In  particular,  the  mass  media  were 
viewed  with  much  distrust  and  even  hostility.  In  addition,  82%  of  respondents  felt 
that  their  particular  situation  had  been  explained  to  them  at  least  adeguately  by 
the  AECB  or  by  J.F.  MacLaren  Ltd,  (46%  said  "well"  or  "very  well").  Mendes  conclu- 
ded that  the  local  population  seemed  to  perceive  the  contamination  as  a nuisance 
that  lowered  house  prices  and  brought  unwelcome  publicity,  rather  than  as  a serious 
environmental  health  hazard.  In  some  general  guestions,  it  was  found  that  68%  (83% 
of  those  responding)  agreed  with  nuclear  power  as  an  energy  policy.  Also  58%  (84% 
of  those  responding)  said  that  nuclear  plants  were  somewhat  safe,  or  very  safe. 
Mendes  considered  that  the  information  provided  was  perhaps  limited  too  much  to  the 
local  situation  and  did  not  inform  people  as  much  as  they  wanted  on  issues  of  nu- 
clear energy  in  our  society.  These  results  are  generally  supported  by  many  of  the 
findings  by  Sanger  (1981). 

The  effect  of  the  clean-up  at  Port  Hope  and  other  Canadian  locations  goes 
beyond  the  lowering  of  risks  to  the  population.  Government  agencies  have  developed 
better  technical  and  sociological  approaches  to  solving  problems  and  to  dealing  with 
community  groups  and  the  media.  The  AECB  and  other  agencies  have  grown  considerably 
in  size  and  expertise. 
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The  overwhelming  conclusion  to  be  drawn  from  these  events  is  that  emotional 
and  political  considerations  outweigh  scientific  or  rational  considerations  in 
reaching  decisions.  Thus,  the  political  climate  in  1976-1977  reguired  that  money  be 
spent  to  clean-up  the  suspicion  of  nuclear  contamination  irrespective  of  actual 
risk,  although  this  was  admittedly  unacceptably  high  in  places.  Clearly  this  intro- 
duces the  danger  of  having  public  resources  diverted  into  dealing  with  relatively 
trivial  problems  at  the  expense  of  more  serious,  but  less  politically  visible, 
matters.  Nevertheless,  the  extent  and  allocation  of  resources  are  ultimately  deci- 
ded by  the  people's  political  representatives;  their  decisions  are  based  on  percep- 
tions and  understanding  of  what  is  safe,  and  of  the  relative  merits  of  arguments  and 
pressures  that  impinge  upon  them. 


APPENDIX  - BIOLOGICAL  EFFECTS  OF  RADIATION 

The  biological  effects  of  radiation  are  well  known  and  well  documented. 
Crawford  and  Leggett  (1980)  provide  a good  recent  summary.  Ionizing  radiation  inter- 
acts with  an  atom  or  molecule  by  stripping  off  an  electron  and  leaving  a positive 
charged  remnant,  an  ion  pair.  These  ions  are  extremely  reactive  chemically  and  will 
combine  with  enzymes,  proteins  or  other  chemical  constituents  of  the  living  cell 
with  potentially  disastrous  conseguences  for  the  individual  or  his  off-spring. 

It  is  generally  accepted  that  there  is  approximately  a linear  relationship 
between  effects  and  absorbed  dose  in  the  medium  dose  range  ( >20  rem).  At  low  doses 
(<10  rem)  effects  are  impossible  to  measure  as  natural  incidence  and  variability 
mask  many  small  increases  in  radiation-induced  abnormalties.  The  projection  of  a 
linear  extrapolation  to  zero  dose  has  been  adopted  to  estimate  these  small  effects. 
This  is  a prediction  based  upon  assumptions  that  will  probably  never  be  capable  of 
proof.  It  is  a "worst  case"  estimate  in  that  it  assumes  there  is  no  repair  of 
damage,  no  dependence  on  dose  rate  and  that  the  effects  are  cumulative  over  time. 

Estimates  of  risk  of  death  from  cancer  have  been  made  by  numerous  reputable 
agencies.  Cancer  death  estimates  per  man-rem  range  from  0.0001  to  0.0002;  per  WLM 
they  are  assumed  to  be  about  0.0001.  Genetic  risks  from  whole  body  gamma  radiation 
are  approximately  0.0002  over  all  generations. 

The  principal  radiation  hazard  that  is  relevant  to  Port  Hope  is  that  of  the 
radioactive  gas  radon.  Radon  is  transformed  by  spontaneous  nuclear  disintegrations 
into  a seguence  of  distinctive  particles  called  radon  daughters.  When  disintegra- 
tions occur  in  enclosed  air,  a fraction  of  the  resulting  particles  remains  free  in 
the  form  of  unattached  ions,  while  most  become  absorbed  in  water  droplets  and  on 
particles  of  dust.  The  combination  of  radon  gas  and  complex  particulates  forms  the 
aerosol  inhaled  by  anyone  in  the  area  and  is  deposited  on  the  surfaces  of  the  respi- 
ratory pathways. 

At  each  characteristic  nuclear  decay,  radiation  is  released  in  the  form  of 
beta  rays,  gamma  rays  or  alpha  particles.  In  the  case  of  inhaled  radon  and  its 
daughters,  the  principal  hazard  is  the  alpha  particle. 

The  internal  irradiation  of  the  lung  is  measured  directly  in  terms  of  the  le- 
vel of  radioactivity  present  in  the  air.  The  unit  used  is  the  Working  Level  (WL). 
For  the  general  population,  the  average  has  been  set  at  0.02  WL  for  those  institu- 
tions under  the  control  of  the  Atomic  Energy  Board  Regulations. 

Lung  cancer  appears  in  response  to  a number  of  well-known  cancer-inducing 
agents  in  addition  to  ionizing  radiation  such  as  cigarette  smoking,  asbestos  fibres 
and  nickel  and  arsenic  compounds.  Lung  cancer  may  also  occur  without  any  recognized 
cause. 


There  is  no  known  definitive  pathological  basis  for  inferring  that  a particu- 
lar lesion  was  induced  by  ionizing  radiation.  The  relationship  of  lung  cancer  to 
population  radiation  exposure  has  been  observed  on  a statistical  basis  by  comparing 
populations  of  highly  exposed  persons  (usually  uranium  miners)  to  unexposed  persons. 
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GLOSSARY 


alpha  emission  of  alpha  particles  (nucleus  of  helium  atom,  i.e.  2 protons  + 

radiation  2 neutrons)  during  radioactive  decay. 


background  the  natural  ionizing  radiation  of  man's  environment  including  cosmic 
radiation  rays  from  outer  space,  naturally  radioactive  elements  in  the  ground, 
and  naturally  radioactive  elements  in  a person's  body. 


beta  emissions  of  beta  particles  (electrons  or  positrons)  during  the  decay 

radiation  of  a neutron  into  a proton. 


Ci  Curie  - a measure  of  the  rate  at  which  a radioactive  material  disinte- 

grates. One  curie  corresponds  to  3.7x10^  disintegrations  per  second. 
Radon  gas  concentration  is  expressed  in  picocuries  per  litre  (pCi/L). 


gamma  high  energy,  highly  penetrating,  short  wave-length  electro-magnetic 

radiation  radiation  emitted  by  the  nuclei  of  many  radioactive  atoms  during  radio- 
active decay. 


L 

m 

P 

R 

rad 


rem 


WL 

WLM 


litre. 

milli  (10“3). 
pico  (10-12). 

Roentgen,  a radiation  unit  (gamma  radiation  is  expressed  in  mR). 

the  abbreviation  for  "radiation  absorbed  dose",  the  unit  of  absorbed 
dose  of  ionizing  radiation.  One  rad  is  absorbed  when  100  ergs  of 
energy  are  imparted  to  each  gram  of  matter  by  ionizing  radiation. 

the  abbreviation  for  Roentgen  Equivalent  Man,  the  unit  of  biological 
effect  of  ionizing  radiation  in  matter.  It  is  the  absorbed  dose  in 
rads  multiplied  by  a factor  which  takes  into  account  the  particular 
damaging  effect  of  each  type  of  radiation. 

Working  Level,  the  unit  of  radon  daughter  product  concentration;  the 
measure  of  total  alpha  radiation  energy  in  one  litre  (1  L)  of  air. 

Working  Level  Month;  an  exposure  of  1 WL  for  a working  month  (173  hr). 
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CASE  STUDY  No.  11 
THE  PCB  PROBLEM  IN  ONTARIO 


M.S.  Rudolph 

Institute  for  Environmental  Studies,  University  of  Toronto,  Toronto,  Ontario 


11.1  INTRODUCTION 

Polychlorinated  biphenyls,  or  PCB's  as  they  are  commonly  known,  are  a family 
of  chemical  substances  first  prepared  by  Schmidt  and  Schultz  in  1881.  They  have 
been  manufactured  and  used  extensively  since  1930  in  the  electrical  and  chemical 
industries  (Roberts  £t_  jd.  1978).  PCB's  are  referred  to  as  askarels  when  mixed  with 
chlorobenzenes,  as  they  are  in  the  electrical  industry  where  they  are  most  commonly 
utilized.  The  most  common  PCB  mixtures  are  clear,  light  coloured  liquids  with  a 
consistency  of  heavy  mineral  oil. 

Prior  to  the  early  1970's,  PCB's  were  included  in  products  as  diverse  as 
plasticizers  for  synthetic  resins  and  carbonless  copy  paper.  However,  their  use  has 
since  been  restricted  to  the  electrical  industry  where,  due  to  their  stability  and 
fire-retarding  properties,  they  still  serve  as  a dielectric  fluid  in  capacitors  and 
transformers.  This  practice,  however,  is  being  gradually  phased  out.  A January  1, 
1979,  directive  by  Environment  Canada  banned  the  future  use  of  PCB's  in  new  electri- 
cal equipment  in  Canada  (MOE  1978).  All  surplus  PCB's  are  now  designated  as  wastes. 

There  are  two  properties  which  make  PCB's  attractive  to  the  electrical  indus- 
try: their  stability  over  time  and  a wide  temperature  range;  and  their  solubility  in 
hydrocarbons.  These  are  the  very  properties,  however,  that  make  them  an  environ- 
mental problem;  first,  because  they  are  even  more  resistent  to  degradation  than  DDT, 
and  second,  because  they  resist  metabolic  breakdown  and  accumulate  in  the  fat  of 
organisms. 

This  case  study  briefly  describes  the  emergence  of  PCB's  as  an  environmental 
issue.  Then  it  discusses  the  response  of  an  urban  community  in  Ontario  to  a pro- 
posal to  dispose  of  PCB's  by  high  temperature  incineration  in  the  community. 


11.2  PCB's  AS  AN  ENVIRONMENTAL  CONTAMINANT:  AN  HISTORICAL  REVIEW 

PCB's  were  first  detected  as  an  environmental  contaminant  in  1966  when  Swedish 
scientists  isolated  them  in  the  feathers  of  a dead  eagle  found  near  Stockholm,  and 
in  fish  from  the  Baltic  Sea.  It  is  most  probable  that  they  were  present  before  that 
time,  but  the  analytical  techniques  in  use  until  the  mid-1960's  are  thought  to  have 
mis-interpreted  PCB's  as  part  of  the  family  of  DDT  residues  which  were  under  intense 
scrutiny  at  that  time  (Roberts  et_  al_.  1978;  Reynolds  1972). 

Investigations  since  the  mid-1960's  have  revealed  that  PCB's  are  widely  dis- 
tributed if  not  ubiquitous  throughout  the  biosphere,  particularly  in  aquatic  sys- 
tems, albeit  in  very  small  amounts  (Wasserman  et_  al.  1979).  They  are  perceived  by 

many  people  to  constitute  a serious  environmental  risk  for  the  following  reasons: 

1.  They  are  not  acutely  toxic,  but  the  long  term  effects  may 
be  serious. 

2.  Even  at  low  doses  they  are  known  to  disrupt  reproductive 

processes  in  a variety  of  animals,  including  birds  and 
mammals. 

3.  They  interfere  with  normal  immune  responses  in  birds  and 

mammals. 

4.  Some  strains  of  rats  given  high  doses  over  long  periods 

have  developed  carsinomas  and  other  hyperplasias  of  the 
liver. 

3.  They  may  be  teratogenic  in  some  animals  such  as  birds. 

Some  of  these  statements  are  well  supported  by  experimental  evidence,  but  much 

of  the  evidence  for  the  effects  of  PCB's  is  confounded  by  possible  interactions  with 

other  environmental  pollutants  or  with  polychlorinated  dibenzofurans  (PCDF's)  which 
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are  often  associated  with  PCB's.  Moreover,  most  experimental  results  relate  to  do- 
ses which  are  far  above  levels  normally  found  in  the  environment,  but  because  PCB's 
bioaccumulate  and  the  effects  of  long-term  ingestion  at  low-level  doses  are  unknown, 
there  is  concern  about  risks  to  human  health  and  to  ecosystems. 

Following  the  Swedish  identification,  nine  specific  incidents  of  PCB  contami- 
nation in  food  were  identified  in  the  United  States;  the  sites  of  identification 
varied  from  industrialized  to  rural  locations  with  the  chemical  being  detected  in 
milk,  chickens,  fish  meal,  pasteurized  meat  meal,  turkeys,  and  shredded  wheat  (Pirn 
1981). 


The  most  severe  incident  involving  PCB's  and  human  health  occurred  in  1968  in 
Japan.  Over  1650  persons  in  southern  Japan  developed  "Yusho"  or  rice  oil  disease 
because  they  had  eaten  food  cooked  with  rice  oil  contaminated  by  Kanechlor  400  (a 
form  of  PCB)  with  the  major  component  being  tetrachlorobiphenyl  and  a small  but 
possibly  toxic  amount  of  PCDF's.  The  mixture  was  responsible  for  liver  toxicity, 
manifested  as  jaundice  and  edema  in  joints  and  eyelids,  and  neurologic  toxicity  re- 
sulting in  generalized  muscle  weakness,  numbness,  neurologic  and  transient  visual 
and  hearing  disturbances  in  these  patients.  Furthermore,  they  also  suffered  from 
severe  acne,  dark  brown  pigmentation  of  skin,  nails  and  mucous  membrane,  and  a 
cheese-like  discharge  from  their  eyes.  By  1977,  51  persons  had  died  (Urabe  et  al. 
1979). 


Following  the  identification  of  Yusho  disease  and  its  link  to  PCB's,  Monsanto 
Chemical  Corporation  in  the  United  States,  the  major  producer  of  the  chemical, 
curtailed  production.  In  early  1972,  the  U.S.  Environmental  Protection  Agency  (EPA) 
issued,  waste  disposal  restrictions  designed  to  keep  PCB  levels  below  0.01  parts  per 
billion  (ppb)  in  rivers  and  streams  and  prohibited  the  use  of  the  materials  for  food 
containers  and  for  application  in  food  processing  plants.  Environment  Canada  follo- 
wed suit  shortly  thereafter,  restricting  PCB's  only  to  closed-cycle  use  in  1972,  de- 
signating it  as  an  environmental  contaminant  in  the  Environmental  Contaminants  Act 
in  December  1975,  and  finally  banning  its  future  usage  on  January  1,  1979  (M0E 
1978). 


11.3  THE  MISSISSAUGA  ISSUE 

Ontario  possesses  within  its  boundaries  about  95%  of  all  the  PCB's  in  Canada. 
With  the  phasing  out  of  PCB's,  storage  and  disposal/destruction  of  large  quantities 
of  PCB's  (there  are  8,400,000  kg  in  use,  260,000  kg  in  storage  for  use,  410,000  kg 
in  storage  for  disposal)  (Environ.  Can.  1979)  and  have  become  an  acute  problem. 
There  is  a general  consensus  that  high  temperature  incineration  of  PCB's  is  the  most 
effective  destruction  method.  Direct  landfilling  and  dumping  are  not  deemed  to  be 
adequate  disposal  methods  due  to  the  high  possibility  of  leaching  into  the  surroun- 
ding environment. 

In  light  of  the  general  preference  for  incineration  of  PCB's,  test  burning  was 
conducted  in  1975  at  the  St.  Lawrence  Cement  Plant  in  Mississauga  and  for  a 50-day 
period  between  January  1976  and  April  1977,  PCB's  mixed  with  waste  oils  were  used  as 
fuel  for  the  kiln.  The  controlled  burnings,  which  were  not  disclosed  to  the  public 
at  the  time,  were  conducted  by  Environment  Canada  and  monitored  by  the  Ontario 
Ministry  of  the  Environment  (M0E),  the  U.S.  EPA,  and  the  Ontario  Research  Foundation 
(0RF).  A destruction  efficiency  of  99.98%  was  attained  during  the  testinq  (Fish. 
Environ.  Can.  1977). 

Because  the  testing  was  conducted  without  the  general  public  knowing  about  it, 
provincial  and  federal  authorities  later  came  under  strong  criticism.  Thus  although 
an  effort  was  being  made  to  establish  a procedure  to  destroy  an  undesirable  chemi- 
cal, lack  of  communication  to  the  public  and  sensational  media  documentation  of  the 
issue  stressing  the  potentially  harmful  human  health  effects,  created  a situation  of 
public  mistrust  for  provincial  environmental  authorities  and  alarm  at  the  mention  of 
PCB's. 


The  issue  of  burning  PCB's  at  St.  Lawrence  Cement  became  confused  after  a 
number  of  lengthy  and  somewhat  sensational  articles  were  published  in  The  Globe  and 
Mail  by  reporter  Victor  Malarek.  In  an  April  28,  1977  article,  Malarek  stated: 
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PCB's,  highly  toxic  industrial  chemical  used  chiefly  in 
liquid  electrical  insulation  in  transformers  have  been 
found  in  scientific  studies  to  cause  birth  defects,  nervous 
disorders,  changes  in  liver  function,  and  cancer  (author's 
emphasis) . 

The  negative  public  perception  of  anything  relating  to  PCB's  can  readily  be 
appreciated  when  one  does  a quick  content  analysis  of  articles  relating  to  the  issue 
which  have  appeared  in  The  Globe  and  Mail  and  the  Toronto  Star  from  1978  through  to 
1980.  In  early  articles,  PCB's  are  often  called  cancer  causing;  however,  in  more 
recent  press  reports  they  are  often  noted  as  being  linked  to  cancer.  Headlines  have 
referred  to  PCB's  as  killer  chemicals  (Tor.  Star  1978)  and  deadly  PCB's  (Tor.  Star 
1979).  Some  of  this  reporting  could  be  substantiated  by  scientific  information,  but 
the  press  made  an  indelible  impression  in  the  public's  mind  that  PCB's  were  deadly, 
cancer-causing  environmental  contaminants  which  the  government  had  better  act  upon 
in  a responsive  and  politically  acceptable  manner. 

The  type  of  reporting  previously  noted  led  to  a general  furor  among  the  resi- 
dents of  Mississauga,  Ontario,  where  the  secretive  test  burning  of  PCB's  took  place. 
An  October  23,  1977  article  in  the  Globe  and  Mail  notes: 

Mrs.  Spence  (Mary  Helen  Spence,  Councillor  for  Ward  2 in 
Mississauga)  said  she  was  alarmed  when  she  read  about  the 
practice  in  the  newspaper  and  is  angry  at  the  Government 
for  carrying  out  the  experiments  "without  letting  the  resi- 
dents of  Mississauga  know". 

Further  confusion  was  created  by  the  misrepresentation  of  information,  after 
the  test  burns  had  been  conducted,  by  the  Ontario  Minister  of  the  Environment, 
George  Kerr.  This  confusion  was  best  exemplified  in  an  editorial  that  appeared  in 
The  Globe  and  Mail  of  October  26,  1977: 

Mr.  Kerr  seems  to  be  really  quite  confused  about  what  has 
been  going  on.  "Experimentation  at  Mississauga  has  been 
completed"  he  told  the  legislature  at  one  point,  "and  the 
company  is  now  in  the  process  of  making  an  application  for 
a permanent  certificate".  But  Ministry  documentation 
showed  the  cement  company  already  had  the  certificate. 

Therefore,  the  public's  perception  of  the  risk  of  PCB's  became  somewhat  dis- 
torted for  two  main  reasons:  sensational  reporting  by  the  media  which  continually 
stressed  that  PCB's  were  either  cancer-causing  or  cancer-linked,  depending  on  the 
reporter,  and  the  newspaper  and  confusion  resulting  from  statements  from  the 
Minister  of  the  Environment,  whose  Ministry  failed  to  inform  residents  in  the 
Mississauga  area  of  its  activities. 

Following  Malarek's  expose  in  the  Globe  and  Mail  that  test  burnings  had  taken 
place,  Environment  Minister  George  Kerr  and  Robert  Frewin,  Director  of  Information 
Services  for  the  Ministry  of  the  Environment,  started  making  defensive  statements 
about  the  Ministry's  actions  and  especially  regarding  the  reporting  of  Mr.  Malarek. 
In  Malarek's  October  23,  1977,  article,  the  following  is  found: 

He  (Kerr)  said  that  publication  of  a story  on  the  burning 
would  jeopardize  the  project.  "It's  an  answer  to  a serious 
environmental  problem.  Your  story  could  kill  it"... 

and 

Robert  Frewin,  Director  of  Information  for  the  Ministry 
phoned  The  Globe  and  Mail  yesterday  afternoon  to  say  that 
certain  comments  made  by  Richard  Abbott,  the  Ministry's  in- 
dustrial specialist,  in  an  interview  about  past  practices 
at  the  cement  kiln  were  "off  the  record".  In  a later  call 
he  said  he  had  been  mistaken. 

Furthermore,  during  this  time,  the  Information  Services  Branch  of  the  Ministry 
of  the  Environment  compiled  documents  for  internal  use  discrediting  the  authenticity 
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of  stories  written  by  Malarek  and  the  journalist  himself.  When  this  information 
became  public,  members  of  the  Opposition  of  the  Ontario  Legislature  became  furious, 
which  encouraged  further  defensive  statements  by  the  Minister  and  staff.  All  of 
these  events  were  reported  by  the  news  media  and  added  to  the  confusion  in  the 
public's  mind;  confusion  which  created  anger  and  mistrust  directed  at  the  Ministry 
and  the  Government  since  the  public  felt  that  information  was  being  withheld  and 
that  the  possible  health  impacts  were  being  soft-peddled. 

On  October  29,  1977,  Kerr  announced  that  public  hearings  would  be  held  in 
November  in  Mississauga  on  the  PCB-St.  Lawrence  Cement  issue.  However  on  November  1 
he  stated  that  it  would  be  a public  meeting.  The  difference  between  a hearing  and  a 
meeting  is  that  at  a meeting,  information  would  be  made  available  to  the  public  on 
the  matter,  while  at  a hearing,  the  information  presented  and  the  witnesses  presen- 
ting it  could  be  cross-examined  and  hearing  officers  would  make  a recommendation  as 
to  whether  the  burning  of  PCB's  at  the  St.  Lawrence  Cement  facility  should  be  allo- 
allowed.  The  opposition  leader  (and  NDP  leader)  Stephen  Lewis  stated  that  the 
Minister  had  "weasled  out"  of  a promise.  On  November  29,  1977,  the  public  meeting 
was  held.  George  Kerr  told  the  audience  that  such  a meeting  should  have  been  held 
before  any  experiments  or  regular  burning  of  PCB  contaminated  waste  oils  was  allowed 
at  the  cement  company.  Further,  he  promised  he  would  withdraw  the  certificate  of 
approval  to  burn  PCB's  that  St.  Lawrence  Cement  already  had.  However,  on  this 
point,  Kerr  was  helpless  to  withdraw  the  certificate  as  it  was  a legal  document  and 
the  company  could  have  appealed  the  withdrawal.  As  it  turned  out,  it  was  volun- 
tarily returned  by  St.  Lawrence  Cement  on  December  20,  1977,  in  response  to  public 
outcry.  Finally,  Kerr  promised  those  in  attendance  at  the  meeting  that  he  would 
make  a decision  before  the  end  of  the  year  as  to  whether  public  hearings  should  be 
held  before  the  resumption  of  any  incineration  of  PCB's.  On  February  22,  1978,  an 
Order-In-Council  set  the  terms  of  reference  for  the  Commission  of  Inguiry  into  the 
Burning  of  PCB's  at  St.  Lawrence  Cement  Company. 

As  of  the  spring  of  1982,  a total  of  four  years  and  a unguantified  amount  of 
money  later,  the  Commission  has  not  commenced  with  the  substantive  portions  of  its 
hearing.  This  was  initially  due  to  a court  case  brought  by  the  Canadian  Environ- 
mental Law  Association  (CELA)  and  the  City  of  Mississauqa  against  the  former 
Director  of  the  Ministry  of  the  Environment's  Waste  Management  Branch,  Mr.  Leonard 
Pitura,  guestioning  the  jurisdiction  of  the  Commission  to  deal  with  matters  raised 
in  the  Order-In-Council  under  the  Public  Inguiries  Act  and  not  the  Environmental 
Assessment  Act.  Although  the  courts  did  not  accept  the  submissions  of  CELA  or  the 
City  of  Mississauga,  the  matter  was  appealed  (J.M.  Mulvaney,  pers.  comm.  1980). 
However,  in  spite  of  the  fact  that  the  Commission  had  heard  substantive  presenta- 
tions on  the  matter,  time,  effort,  resources  and  personnel  were  redirected  towards 
this  issue  by  the  Ministry  of  the  Environment,  CELA,  the  City  of  Mississauga,  local 
ratepayers  associations  and  other  interested  parties. 

Since  early  1978,  the  research  by  both  the  provincial  and  federal  Environment 
Ministries,  institutes  in  Canada  and  abroad,  universities  and  others,  as  well  as  the 
toxic  chemical  spill  in  a Mississauga  train  derailment  added  a multitude  of  comple- 
xities to  the  issue.  Processes  for  the  destruction  of  PCB's  other  than  cement  kiln 
incineration  have  either  been  proposed,  tested  at  the  pilot  stage  or  brought  into 
commercial  use  in  some  areas  of  the  world.  Concern  about  the  transport  of  hazardous 
goods,  especially  in  conjunction  with  the  train  derailment  in  Mississauga  raised 
guestions  regarding  the  transport  of  PCB's  through  the  densely  populated  Golden 
Horseshoe  area  of  Ontario  and  incineration  at  a site  in  one  of  Canada's  largest  bed- 
room suburbs.  The  Ontario  Ministry  of  the  Environment  deployed  the  TAGA  3000  "super 
sniffer"  to  sample  the  air  near  the  St.  Lawrence  site  and  elsewhere  in  Ontario. 
This  is  a mobile,  highly  sophisticated  analytical  facility. 

All  of  these  elements,  of  course,  provided  mountains  of  information  to  the 
issue,  but  no  clear-cut  policy  from  the  Ministry  of  the  Environment  with  respect  to 
a management  scheme  for  the  safe  handling  and  destruction  of  PCB's  in  Ontario  was 
produced. 

The  Ministry  of  the  Environment  has  consistently  maintained  that  the  incine- 
ration of  PCB's  at  proper  conditions  (originally  set  out  in  a U.S.  EPA  regulation) 
is  the  best  method  for  the  destruction  of  PCB's,  but  they  have  recently  funded 
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research  for  other  technologies.  A number  of  new  methods  have  emerged  in  the  past 
three  years,  some  are  mobile,  which  reduces  the  hazard  associated  with  the  transpor- 
tation of  PCB's.  Environment  Canada  provided  funds  and  technical  assistance  to  D&D 
Disposal  Services  of  Smithville,  Ontario  to  assist  in  the  development  of  a mobile 
diesel  engine  capable  of  destroying  PCB's.  The  D&D  unit  was  tested  in  1980  and 
was  found  to  have  a destruction  efficiency  of  99.98%.  This  destruction  efficiency 
was  better  than  that  found  at  the  St.  Lawrence  Cement  plant  and  is  one  of  the  best 
methods  on  record,  according  to  one  Environment  Canada  official  (R.  Finley,  pers. 
comm.  1980).  The  Ministry  of  the  Environment  allocated  over  $800,000  dollars  for 
research  into  three  technologies  that  the  Ministry  deems  as  being  promising.  SOT 
Consultants  Limited  are  testing  their  high  temperature  plasma  "rocket  engine"  with 
$400,000  dollars  supplied  by  the  Ministry;  the  University  of  Waterloo  received 
$18,000  dollars  in  Ministry  support  for  research  into  the  chemical  destruction  of 
PCB's  using  sodium  naphthalenide ; and  $400,000  dollars  has  been  allocated  to  Major 
Thomas  Barton  of  the  Royal  Military  College  in  Kingston  to  develop  a plasma  torch 
unit  which  is  expected  to  have  high  destruction  efficiencies  (Turner,  no  date).  The 
results  of  all  these  tests  will  have  to  be  assessed  to  determine  which  technologies 
are  most  suitable  for  the  destruction  of  PCB's. 

Gradually  a broader  base  of  understanding  about  the  transportation,  handling 
and  destruction  of  PCB's  has  developed.  Counsel  to  the  City  of  Mississauga,  David 
Estrin,  CELA  and  some  ratepayers  groups  supported  the  newly  developed  mobile  techno- 
logies, citing  higher  destruction  efficiencies,  reduced  transportation  risks,  and  in 
some  technologies,  the  capability  of  detoxifying  solids  contaminated  with  PCB's  as 
being  more  appealing  than  the  St.  Lawrence  Cement  facility  in  Mississauga. 

In  late  1979,  the  Ministry  of  the  Environment,  realizing  that  public  pressure 
might  forestall  their  efforts  to  establish  the  Cement  plant  as  a permanent  site  for 
PCB  destruction,  announced  the  selection  of  an  Ontario  Hydro  facility  in  Middleport, 
Ontario  as  a site  for  a PCB  interim  storage  facility  (M0E  1979). 

In  the  fall  of  1979,  the  Ministry  of  the  Environment  had  planned,  coordinated 
the  protocol  for,  and  was  ready  for  another  test  burn  of  PCB's  at  the  St.  Lawrence 
Cement  plant  utilizing  the  TAGA  3000  unit  to  monitor  stack  emissions.  The  Ministry 
wanted  to  conduct  the  test  burn  to  obtain  further  data  to  present  to  the  Commission 
of  Inguiry.  However,  before  the  test  could  occur,  Mississauga  City  Council  passed  a 
by-law  on  October  9,  1979,  to  prohibit  the  burning  of  all  PCB's  in  the  City  (City  of 
Mississauga  1979a). 

After  some  political  posturing,  a second  by-law  was  passed  by  the  City  allo- 
wing a test  burn  of  PCB's  at  the  St.  Lawrence  Cement  plant  on  the  condition  that  the 
Ministry  of  the  Environment  pledge  that  the  Mississauga  cement  facility  would  not 
become  a permanent  PCB  destruction  facility  for  the  Province  of  Ontario  (City  of 
Mississauga  1979b).  These  by-laws  not  only  thwarted  the  Ministry  efforts  to  test- 
burn,  but  also  restricted  the  burning  of  five  pints  of  PCB's  in  a test  with  the 
D&D  diesel  unit  at  the  Ontario  Research  Foundation,  also  in  Mississauga. 

Therefore,  at  this  point  in  the  development  of  the  issue,  one  sees  that  the 
public  perceptions  of  the  environmental  risk  involved  with  PCB's  was  elevated  to  a 
point  where  any  activity  relating  to  PCB's  was  being  thwarted,  not  only  by  public 
opposition,  but  by  a City  which  was  experiencing  the  "not  in  my  backyard"  syndrome, 
which  is  so  often  associated  with  any  proposals  dealing  with  the  management  of  toxic 
chemicals.  Many  of  the  risk-averse  elements  regarding  the  management  of  PCB's  and 
other  hazardous  wastes  have  been  manifested  by  increased  public  awareness  since  the 
story  of  the  Love  Canal  in  Niagara  Falls,  New  York  surfaced. 

Prior  to  November  25,  1980  public  and  political  interest  in  the  issue  declined 
because  of  lack  of  action  by  the  Ministry  of  the  Environment  and  because  of  the 
court  actions  being  taken  against  the  Ministry.  At  the  date  of  this  writing,  the 
previously  mentioned  by-laws  are  still  being  contested  in  the  courts.  Most  impor- 
tantly, the  City  of  Mississauga  by-law  prohibiting  the  burning  of  PCB's  at  the 
St.  Lawrence  Cement  plant  by  the  Ministry  will  be  contested  by  the  Ministry  and  they 
have  every  intention  of  appealing  the  decisions  to  the  highest  court  in  the  Province 
if  they  cannot  overturn  the  by-law.  This  is  due  to  the  fact  that  the  government  is 
interested  in  allowing  the  courts  to  decide  whether  a municipal  by-law  can  supersede 
actions  taken  by  a higher  political  authority,  i.e.  the  Provincial  Government. 
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Meanwhile,  the  Commission  of  Inquiry  into  the  Burning  of  PCB's  at  the  St. 
Lawrence  Cement  facility  has  had  some  administrative  housekeeping  meetings,  but  have 
not  yet  been  presented  with  any  substantive  submissions  to  assist  in  the  inquiry. 

All  of  the  episodes  and  description  of  the  previously  mentioned  matters  con- 
cerning the  management  of  PCB’s  in  Ontario  have  recently  been  overshadowed  by  the 
Provincial  Government's  announcement  of  November  25,  1980,  proposing  the  establish- 
ment of  a provincial  liauid  industrial  waste  facility  in  South  Cayuga,  Ontario.  The 
proposed  facility  would  have  storage  facilities  for  PCB's  as  well  as  a rotary  kiln 
to  incinerate  PCB's. 

As  a result  of  this  announcement,  made  by  the  Minister  of  the  Environment, 
Dr.  Harry  Parrott,  no  one  in  the  Ministry  of  the  Environment  seems  to  know  what  is 
to  become  of  the  Commission  of  Inquiry  into  the  Burninq  of  PCB's  at  the  St.  Lawrence 
Cement  facility.  The  Director  of  Legal  Services  for  the  Ministry  plans  to  continue 
with  court  actions  to  contest  the  Mississauga  by-laws,  but  the  Industrial  Section 
Manager,  of  the  Ministry's  Waste  Management  Branch  contends  that  there  is  no  reason 
for  any  further  action  by  the  Commission  since  all  PCB's  will  be  handled  at  the 
proposed  Cayuga  Centre  (Turner,  pers.  comm.  1980). 

On  November  18,  1981,  Dr.  Donald  Chant,  Chairman  of  the  Ontario  Waste  Manage- 
ment Corporation  (OWMC  a Crown  Corporation  set  up  to  establish  the  South  Cayuga 
Liquid  Industrial  Waste  facility)  rejected  the  South  Cayuga  site,  calling  it 
"marginal"  (Chant  1981).  The  Corporation  is  now  in  the  midst  of  locating  and 
studying  other  sites  for  the  purpose  of  establishing  a comprehensive  liquid  indus- 
trial waste  facility.  In  spite  of  the  fact  that  the  Ministry  of  the  Environment 
feels  that  all  PCB's  will  be  stored  and  destroyed  at  this  new  site,  the  Corporation 
has  made  no  definitive  statements  as  to  whether  the  new  site  will  have  facilities 
for  the  sole  purpose  of  destroying  PCB's  (Scott,  pers.  comm.  1982). 

While  the  South  Cayuga  saga  and  the  work  being  conducted  by  the  OWMC 
continues,  the  Ministry  still  supports  the  PCB  destruction  units  previously 
mentioned.  As  of  the  Spring  of  1982,  SJT's  rocket  engine  had  not  destroyed  any 
PCB's  and  further  Ministry  funding  has  been  requested,  while  Barton's  plasma  torch 
unit  has  only  destroyed  gram  quantities  of  PCB's  (Edwards,  pers.  comm.  1982). 

Environment  Canada  with  some  support  from  the  Ministry  of  the  Environment 
plans  to  conduct  further  testing  of  the  D & D diesel  unit.  However,  no-one  has 
revealed  the  location  of  the  testing  for  fear  residents  will  say  "not  in  my 
backyard".  (Globe  and  Mail,  April  20,  1982). 

For  anyone  who  has  followed  this  issue  closely,  there  are  a number  of  hind- 
sight perceptions  which  relate  to  the  management  of  PCB's  in  the  Province  of  Ontario 
and  the  public  perception  of  risk  associated  with  the  issue. 

On  the  topic  of  management  of  PCB's  the  Ontario  Ministry  of  the  Environment 
has  conducted  itself  in  a questionable  manner.  For  instance,  the  Commission  of 
Inquiry  into  the  Burning  of  PCB's  at  the  St.  Lawrence  Cement  facility  was  formed 
after  information  about  the  test  burnings  was  revealed,  but  the  Commissions'  inquiry 
has  been  left  in  a state  of  limbo  following  both  the  South  Cayuga  announcement  and 
the  rejection  of  the  site  by  the  Ontario  Waste  Management  Corporation.  The  Ministry 
also  hired  a consulting  firm  to  site  and  design  an  interim  PCB  storage  facility  when 
they  perceived  that  their  plans  for  the  St.  Lawrence  Cement  plant  were  being  thwar- 
ted by  public  opposition;  this  entire  proposal  was  scrapped  with  the  South  Cayuga 
announcement.  The  Ministry  continues  to  place  a great  deal  of  faith  in  the  destruc- 
tion of  PCB's  in  a rotary  kiln  (as  was  to  have  been  the  case  with  St.  Lawrence 
Cement)  in  spite  of  the  fact  that  other  mobile  technologies  exist  (thus  reducinq  the 
risk  of  transportation  hazards)  which  have  achieved  higher  destruction  efficiencies 
in  recent  testing. 

The  risks  perceived  by  the  public  with  respect  to  PCB's  have  been  compounded 
by  a number  of  factors.  First,  test  burnings  of  PCB's  were  conducted  in  a secretive 
manner;  neither  the  public  in  the  immediate  area  not  the  City  of  Mississauga  was 
informed  that  test  burninq  of  PCB's  was  occurring  at  the  St.  Lawrence  facility. 
Second,  when  this  information  was  revealed,  the  Minister  of  the  Environment  at  that 
time  was  confused  on  the  facts  of  the  story,  misinformed  the  Legislature  and  the 
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public,  had  Ministry  officials  try  to  discredit  the  reporter  who  exposed  the  matter, 
admitted  at  a meeting  with  the  concerned  public  that  such  a meeting  should  have  been 
held  before  the  test  burns,  and  finally  conceded  to  holding  a public  hearing  under 
the  Public  Inquiries  Act  and  not  a relevant  piece  of  environmental  legislation. 
Third,  environmental  reporters  for  The  Globe  and  Mail  and  the  Toronto  Star  have  been 
quick  to  jump  on  any  story  relating  to  PCB's;  their  reporting  has  been  sensa- 
tionalist at  times,  and  their  accounts  of  deadly  PCB's  and  cancer-causing  PCB's  have 
been  imprinted  in  the  public's  mind  since  PCB's  became  an  issue  in  the  Province. 

The  Ministry's  eyes  are  focussed  on  high  temperature  rotary  kiln  incineration 
as  the  answer  to  PCB  management  while  other  technologies  exist.  Public  opposition 
to  any  actions  relating  to  PCB's  exist  with  the  "do  something,  but  not  in  my 
backyard"  syndrome  prevailing.  The  problem  of  the  management  of  PCB's  remains 
unresolved. 
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